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PART I 


DESCRIPTION OF THE SOLAR ENERGY SYSTEM 
AND BUILDING 


Introauct ion 

The North Georgia Area Planning and Development Conuiission (APDC) office 
building is equipped with a hydronic, automatic drain-down solar heating and 
cooling system. The system, providing solar heat exchange from a 2,001 square 
foot effective collector area, supplies 65-70% of the building's cooling demand 
and 90-95% of the heating demand. Domestic hot water is also provided, however, 
the demand is very nominal. Heating is accomplished by the direct flow of 
solar heated water to an exchange deck in the central air handler. The building 
is cooled by the direct flow of chilled water to a separate exchange deck. In 
the cooling mode, solar heated water is used to drive a 25 ton absorption chiller. 
Back-up or supplementary supply of heated water to drive the chiller or for 
building heat is provided by a conventional oil-fired boiler. Control sequencing 
for heating and cooling modes is accomplished by a multi zone central processor. 

Day and night demands for heating and cooling are controlled by a standard 
automatic time clock and an override, low setting theniiostat. 

North Georgia APDC Office Building 

The newly constructed office building, located on 1.5 acre lot near downtown 
Dalton, Georgia, is a modern, two-story structure containing 7,000 square feet 
of office and work space. The building has masonry exterior walls, steel frame 
floor and roof system, and type 4 fire-resistive construction. 
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The building has numerous energy conservation features Incorporated Into 
Its construction. The western and northwestern, first floor elevations of the 
building are uurled Into the sloping contour of the lot reducing the summertime 
afternoon sun load and minimizing the cooling effect of the predominately 
northwestern winter wind. The square shape of the building produces the least 
amount of exterior wall area which reduces the heating and cooling load. Also, 
the two-story design of the building has minimized the roof area further reducing 
the loads on the building. Window area has been kept to a minimum. There are 
no windows In the west wall thus eliminating a potential source of heating load 
from the afternoon sun. Windows have been confined to the east wall and adjoining 
corners and are protected from the sun by generous roof overhang. All windows 
are operable so that under appropriate weather conditions natural ventilation 
Is available. Window glass Is the insulating type, double glazed, and shaded to 
prevent the Impingement of direct sunlight. 

The respective U factors for the roof and walls are .09 and .04. 

Collector Array 

The fifth, or southern most row of collectors, Is not reflector augmented 
but Is pitched at an angle of 25 degrees. The reason for the different con- 
figuration of this row Is due to the limitation of roof area to accommodate the 
fifth collector. The design indicated that a fifth row would significantly 
enhance the summertime delivery of energy (the period of highest energy demand). 
Since the roof area was too small for the placement of both collectors and 
reflectors in this row, only the collector bank was used and was placed at an 
angle to absorb the maximum summertime energy. 
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Collectors are double glazed with special low iron glass and have an 
application of black chrome selective coating. Reflector panels were fabricated 
from stainless steel sheets (gage .02 inches) mounted with adhesive to 5/8 inch 
marine plywood. 

The collector array support structure is fabricated from welded steel into 
a truss design and mounted to the roof on specially constructed roof curbs. The 
truss design, in addition to providing considerable strength against possible 
wind damage, facilitated the installation of the collectors and reflector panels. 
As each collector and panel, including their support frame was placed in position 
on the array structure, each was rotated from the vertical into the structure at 
the appropriate angle and welded into place. The steel support structure was 
coated with a corrosion resistant paint. 

Absorption Chiller 

Solar cooling of the North Georgia APOC building is accomplished with a 
model 300 Arkla absorption chiller. Water heated by solar or the oil-fired 
boiler is pumped to the chiller at 180°F at 54 GPM. to provide 16 tons of 
cooling. At this temperature and flow rate, the chiller produces chilled water 
at 45-50°F for circulation through the niultizone air handling unit. 

Supplementary Energy Source 

Supplementary heating for hot water to operate the absorption chiller or 
heated water to the thermal deck in the air handling unit is provided by a 
Weil-Mclain oil-fired boiler, Model 576-EH. Number 2 fuel oil, drawn from a 
buried, 1,500 gallon storage tank is consumed at 2.95 gallons per hour. 
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Space Conditioning Equipment 


The North Georgia APOC solar system Is Interfaced with a conventional seven 
zone multlzone air handler unit (AHU) with ducted air distribution to each zone. 
Each zone has an Independent thermostat for effecting desires set. point conditions 
for the air which 1$ ducted to each zone. This air Is either heated, cooled, or 
recirculated through the multizone unit. 

Two tube«1n-f1n heat exchanges are employed In the AHU. Hot and chilled 
water is circulated through their respective coils according to the dona <d of 
the seven-zone thermostats. The AHU's circulating fan operates continuously 
during the day when the building occupied to provide air circulation and 
humidity control. An override setback switch is used to operate the system during 
off-duty hours. After the first cooling and heating seasons, the system was 
modified to preven: the simultaneous flow of hot and chilled water to the AHU. 

This was accomplished by Installing manual selection switches for hot or chilled 
"only" switches. 

System Controls and Modes of Operation ^ 

The system employs a Multizone Central Processor (MCP) for establishing 
appropriate control sequencing depending on the heating and cooling demand placed 
on the System. Solar collection controls operate separately but in conjunction 
with the MCP. 

Solar Collection - Pump P-1 circulates water through the solar collectors 
and is controlled through switching relay fi-1 and motor starter relay C-1. 
Switching relay R-1 is controlled by a temperature difference sensing device 
with one sensor (TS-1) on the absorber plate of a particular collector. The 
other sensor (TS-2) is located in the bottom of the hot water storage tank 


1 

See page 1-8 for relay legend 


1-4 


(HWST). When TS-1 minus TS-2 reaches a level 15°F, relay R-1 closes, activating 
motor starter C-1. P-1 begins to fill the array and circulate water through 
the collectors. If TS-1 minus TS-2 drops to a level of S^F, R-1 reopens and 
P-1 ceases operation allowing the water in the collectors to drain back into 
the HWST. 

The only exception to this operation is when the chiller is being powered 
with solar heated hot water. In thi;^ case R-1 is overridden by R-6, hence P-1 
is "locked on" until R-6 retui^ns to its N.O. position and R-l is again the sole 
controller of P-1. R 6 overrides R-1 because the position of R-1 is related to 
the temperature of the hot water tank which is not in the "system" during the 
AC mode. 

Heating - Solar and Boiler - Heat is delivered to the building by a finned 
tube heat exchanger. Hot water is passed through the tubes and air is blown 
through the fins and then distributed to the appropriate areas by the raultizone 
air handling unit. Heat for the building is called for in two stages (min. and 
max.) depending on how much heat is required to bring temperature back up to its 
set point. Minimum and maximum refers to the difference between the thermostat 
set point and the sensed room temperature which sets a priority on energy 
sources. Due to the nature of the building, it is possible to require heat in 
one area of the bnlding and cooling in another. To save energy at the cost of 
slight discomfort, an isolation relay R^g has been installed so that when the 
chiller is operating, no heating equipment can be operated. Heat can be supplied 
through modulating valve V-6. (See page 1-9) 

If min. heat is called for, R^q closes, assuming the chiller is off, the 
top of the HWST is checked to see if the temperature there (TS-3) is over 120°F 
(49^C). If it is, C-2 (motor starter) closes causing P-2 to circulate hot water 
through the heating coil. If TS-3 senses a temperature below 120‘’F (49°C), no 
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heat Is delivered. If and when max. heat Is called for Rgg closes* If P>2 
Is &H«rat1ng nothing further occurs. When max. heat Is called for and P«2 
and the chiller are off, the boiler and boiler circulator are turned on by 
R^g closing. 

Air Conditioning - Solar and Boiler - Cooling Is delivered to the building 
by a finned tube heat exchanger, as chilled water Is pumped through the tubes 
and air circulates through the fins. The cooled air Is distributed to the 
appropriate areas by the multizone air handling unit. On the solar collector 
array, a solar Intensity sensor Is located In a position to measure the combined 
reflected, beam and diffuse radiation falling In the plane of the collector panels. 
When this reaches a preset amount, (approximately 160 BTU/FT /HR), R^ closes 
and activates time delay relay R^. R^ holds R^ closed for three (3) minutes 
to prevent any rapid cycling. R^ will open when the combined solar radiation 
drops to a level (approximately 140 BTU/FT /HR), provided the three minute 
time delay has reopened. If the outside air temperature is above a preset limit 
^oa' closes. If Rg is closed and R^ is closed, the following occurs 

simultaneously: Rg locks on P-1, closes preparing to operate the chiller, 

Rg operates and V 2 which begin to preheat the water in the piping, collectors, 
and b«ffer tank to operate the chiller. R^g closes, preventing the boiler from 
operating. When the outlet of the buffer tank reaches 165*F (74°C), R^q closes 
and the chiller begins operating. The chiller's own Internal controls operate 
diverting valve V-3. 

Ail of the above occurs without regard to the cooling '.oad of the building. 

If cooling is called for, mixing valve V-5 begins to deliver chilled water to 
the cooling coil in the air handler in the solar A.C. mode. 

Cooling is called for in two stages min. and max. depending on how far 
the senses room air temperature Is above the set point. If the chiller Is not 








operating from solar and min. cool Is called for, closes operating motor 
starter C-6 which operates P-6 the chilled water circulator. If the senses 
room temperature continues to rise sufficiently to call for max. cool, the 
boiler and boiler circulator and the chiller are all brought into full operation. 

As min. cool is always on when max. cool Is, the chilled water circulator pump 
Is still operating. 

On weekends the building Is not cooled and any solar chilled water Is put 
Into storage. When the bottom of the chilled water storage tank, (TS-4) reached 
55°F (12.8°C), the boiler cannot operate for a maximum cooling demand as it 
would during the working week days. 

Domestic Hot Water Heating - Domestic hot water Is heated in the domestic 
hot water tank by either solar hot water or electrical resistance heat. Electrical 
heat is only used when the top of the tank is cold. P-7 circulates water from 
the top of the HWST through a heat exchanger in the domestic hot water tank 
and returns it to the bottom of the HWST. This pump is controlled through R 22 , 
a differential temperature sensing device. This device compares the temperature 
(TS-5) at the top of the HWST and the temperature (TS-6) at the bottom of the 
domestic hot water tank. When TS-5 minus TS-6 reaches a value of (15°F), 

R 22 closes and P-7 begins operation. When TS-5 minus TS-6 drops to a value of 
TQ^I^ (5“F), R 22 opens and P-7 ceases operation. 


RELAY LEGEND 


collector aT 

NO 

operates collector circulator pumps 

max. cool 

NO 

boiler A.C., SE2TV#1 

solar cell 

NO 

close sufficient insolation for solar AC 

time delay 

NO 

locks on Rj at first turn on 

O.A. t«np. 

NO 

for solar AC, RDK#1 

solar AC 

NO 

override R^ 

solar AC 

NO 

preheat fluid for solar AC 

solar AC 

NO 

operates Vj and V 2 

max. heat 

NO 

boiler heat 

solar AC 

NO 

buffer outlet sufficient for solar AC 
RDK#2 

solar AC 

NO 

operates chiller for solar AC 

boiler lockout 

NC 

will open circuit boi'er circuit 

min. cool 

NO 

operate C.W. circulating pump SE2TV#1 

C.W. storage tank 

NC 

no boiler AC if open RDK#3 

C.W. circulator 

NO 

operate C.W. circulator when boiler AC 

boiler start 

NO 

operate boiler on max. AC if no solar AC 

boiler AC 

NO 

operates chiller for boiler AC 

heating lockout 

NC 

locks out heating equip, if chiller is on 

boiler on 

NO 

boiler on for boiler AC or boiler heat 

min, heat 

NO 

operate solar H.W. circulator 

no heat in storage 

NO 

allows boiler heat if no heat in storage 

heat in storage 

NO 

allow heating from solar H.W. 

domestic HW aT 

NO 

operates OHW circulator pump 

F-1 

NO 

collector circulator pump 

P-?. 

NO 

hot water circulator pump 

P-3 

NO 

boiler circulator pump 

P-4 

NO 

condensing water circulating pump 

P-5 

NO 

evaporator circulator pump 

P-6 

NO 

chilled water circulator pump 

F-1 

NO 

cooling tower fan 





!?2^1' iil2M 

The North Georgia APOC solar system has undergone two modifications durin'^ 
the operational period May through December 1973. In both cases these modifications 
were changes from the original system design. 

Under the original design specifications the system could operate simul- 
taneously in both the heating and cooling modes. This was not a problem during 
the summer period when the system was operating under a maximum cooling load. 
However, during the fall, the building would require heating in the morning hours 
and cooltng in the afternoon. Another noticeable situation during this period 
was the in balance between the first and second f loaf's. Often the first floor 
would call for heating while the second floor woi'^d call for cooling. The overall 
situation created an ineffective, intermittent operation of the chiller. The 
controls were modified to include manual switches to keep the system in one 
specific mode. 

The second modification resulted from the freezing of the collectors. To 
insure adequate, full drainage of the collectors, vacuum breakers have been 
installed on the supply headers on each row of collectors. (These can be seen 
in Photograph #5.) 
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PART 2 


ACCEPTANCE TEST DATA 


ACCEPTAKCE TEST PLAN 
NGAPOC 

DALTON. GEORGIA 
Dvnonstrata Fall Saf« CotitroU 

Th« system will bs placed In each mode of operation and the main power 

disconnect w111«be Inter/upti^. Response of the overall system will be 

o \ f 

observed to Insure that nbi^i.'^safe conditions arise, that no equipment is 
damaged or rendered otherwise Inoperable, and that the collector array 
drains fully. Power will be applied and the system observed to insure 
that normal operation resumes without external Intervention. • 
Demonstrate Pressure P.v^!1ef Valves 

The mechanical equipment loops with pressure relief valves will be Isolated 
from the thermal storage tanks and their respective loops pressurized to 
Insure that the pressure relief valves operate at their designated pressure. 
Demonstrate No Leaks 

Prior to Installation of Insulation the overall system will be Isolated from 
the thermal storage tank and pressurized to 15 psig and then Isolated from 
the pressure source. Pressure will be observed for 6 hours to Insure no 
leaks are present. 

Demonstrate No Growth of Algae. Fungi. Mold or Mildew 

A similar system has been In operation at the Shenandoah. Georgia. Community 
Center for one year with no observef foreign growth. The water in Dalton, 
which Is used In the NGAPOC system, has a very low calcium carbonate (CaCO^) 
content, approximately 15 ^pm. 

Demonstrate Sack-Flow Prevention 

The solar hydronic system Is connected to the potable water supply In three 
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places. One is at the inlet to the domestic hot water heater, back-flow 
is of no concern here. The second connection is through a gate valve to 
fill the solar system. This valve will be closed when the system is in 
operation, however a continuous pressure type back-flow preventer will be 
put in that line (Watts no. 90 or equivalent). The third connection is at 
the coo’ ng tower; at this conr':<.tion the water is discharged to atmospheric 
pressure and the overflow level is below the make up water outlet, therefore 
back-flow will not occur here. No hard connection occurs between the solar 
system and the potable water supply. A hose is connected to fill the solar 
system and two must valves opened. The valves are closed and valves shut 
when filled. The solar system is not pressurized. 

6. Demonstrate No Fluttering 

Only valves designed for flow control tse (such as butterfly, globe, or ball 
valves) are operated partially open. The system will be observed during 
Initial operation to insure no valve fluttering occurs. 

7. Demonstrate Drain and Filling 

A closed sight glass will be installed at an appropriate location below the 
collector array for visual indication of complete drain down. 

8. Demonstrate Temperature at Various Points 

Thermometer wells will be installed at the critical points indicated on the 
flow schematic. Temperature will be observed and recorded with mercury in 
glass thermometers. 

9. Demonstrate Collector Flow GPM 

A "Flow Setter" will be installed in the main collector loop to determine 
the flow through the collectors. 

10. Demonstrate Collector Flow Pressure Drop 

Gauge cocks will be installed in the array supply and return lines for 
measurement using a differential pressure gauge. 
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11. Oononstrate System Operates In All Modes of Operation 

Manual control overrides will be provided In the control system so that the 
system can be placed In each mode of operation and observed for proper 
operation. 

12. Demonstrate Pump and Fan Ampere Loads 

The power wiring will be Installed so that each branch circuit Is access- 
ible to measurement by an Inductive ammeter. Current will be observed to 
Insure operation at rated amperage and that conductor capacity Is not 
exceeded. 

13. Verify Heat Collection Performance 

The flow rate through the array Is measured as previously discussed. The 
temperature rise of collector water across the array will be measured with 
a differential thermopile. Insolation on the collector aperture will be 
measured by a pyranometer (Eppley model 2 or equivalent) mounted at the 
Inclination of the collectors. Output from the differential thermopile and 
the pyranometer will be indicated on a strip-chart recorder. Ambient 
temperature will be measured by a mercury in glass thermometer. Steady 
state conditions will be obtained and the collector efficiency computed 
from these measurements for comparison with manufacturers efficiency data. 

14. Verify All Equipment, Piping, Controls, etc., are Installed in the Manner 
Specified 

Visual inspection of the installation will be performed and documented 
(photographs will be made as necessary) before and after installation of 
insulation or backfilling as applicable. 

15. Verify All Pumps, Controls, Dampers, Fan, and Air Distribution Systems 
Operate as Specified 

Fluid distribution will be monitored using appropriate flow measurement 
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devices (Bell and Gossett Circuit-Setters or equivalent). Controls will 
be observed for operation under simulated conditions. Air distribution 
will be monitored by standard techniques using direct- reading pitot tube 
manometer. Air distribution was checked and set by the Mechanics- Contractor, 
Calhoun Mechanical, Inc. 
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ATP RESULTS 

]. All systems operated normally after power interruption. 

2. The boiler pressure relief valve released at 30 PSI. 

3. The collector circulator pump had a leak at its seal. The seal was replaced 
and the leak stopped. 

4. No algae, fungi, mold or mildew has been observed in either storage tank. 

The sump of the cooling tower does show signs of algae growth as expected. 
The sump is to be drained and cleaned monthly when in use. 

5. By virtue of the fact that there is no pennanent connection between the 
potable water supply and solar water, back-flow is no problen;. 

6. No fluttering has jeen observed. 

7. Filling and draining are visible by a 3” change in water level of the sight 
glass. 

8. Typical temperature at various points were as follows on the days of 
the ATP: 

Chiller: 


generator inlet 

176°F 

(80°C) 

generator outlet 

164°F 

(73°C) 

condenser inlet 

83°F 

(28°C) 

condenser outlet 

101°F 

(38°C) 

evaporator inlet 

59“F 

(15°C) 

evaporator outlet 

49° F 

(9.5°C) 

Collectors: 



inlet 

164°F 

(73°C) 

outlet 

176°F 

{80“O 


■ 

i 

~1 


1 
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Tanks; 


top of hot water storage tank 

162®F 

(72“C) 

bottom of hot water storage tank 

151'^F 

(66^0 

bottom of chilled water storage tank 

69°F 

(20.5®C) 

Coi 1 s : 



chilled water coil inlet 

50**F 

(10°C) 

chilled water coil outlet 

58‘‘F 

(14.4“C) 

hot water coll inlet 

N/A 


hot water coil outlet 

N/A 



9. The collector flow through the 115 collector panels was shown to be 54 GPM 
(3.4 Vs). 

10. Collector flow pressure drop at 54 GPM (3.4 \fs) was demonstrated to be 
4.3 PSI. 

11.. All systems were demonstrated on manual override and performed as specified. 

12. Pump ampere loads demonstrated to be 4.5 and 5.5 amps on 5 and 6 amp rated 
pumps respectively. The cooling tower drew 4.0 amps. The aforementioned 
equipment is all 208 VAC 3 phase. 

13. The test was performed and data taken for two (2) days of operation. At 
peak production heat from the collectors generated 204,000 BTU/HR (215 MJ/HR) 
of chilled water with an input of 284,000 BTU/HR (300 MJ/HR) of hot water 

at a chiller inlet temperature of 189'^F (87°C) and a roof ambient of 83°F 
(31 °C). The strip chart record of the collector temperature difference 
and solar radiation are on record at Independent Living, Inc. 

14. Mr. Douglas W. Westrope of the George C. Marshall Space Flight Center 
acting for DOE witnessed and verified installation as specified. 

15. Mr. Douglas W. Westrope witnessed and verified operation as specified. 


2-7 








PART 3 


AS-BUILT DRAWINGS 
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PART 4 

SYSTEM OPERATION AND MAINTENANCE 

The operation of the North Georgia APDC solar system has been in general, 
outstanding. The system was activated In late May of 1978 and was tested under 
the EROA Acceptance Test Plan on May 24-25. The system has been In continuous 
operation since that date, and has provided excellent service during the hot, 
Georgia summer. There have been some problems, but not of such a nature as 
to Interrupt the overall operation of the system, for any length of time. 

As stated previously, the system was designed to produce approximately 60% 
of the cooling load. Although the operational record Is Incomplete, due to 
reasons which will be explained later, it appears that the system is operating 
at or exceeding this percentage of the cooling load. One Indication that leads 
to this conclusion Is the amount of time required to operate the boiler for 
supplementary heating of water to operate the chiller. Only an estimate is 
available at this time, however, the boiler appears to operate for approximately 
four hours per day during periods of full, unobstructed radiation. The building 
requires cooling for approximately ten hours each day and the solar system 
produces a sufficient amount of heated water to drive the chiller for air 
conditioning for about six hours, which is well within design limits. System 
performance is expected to improve as more operational experience becomes 
available. 

Over the past nine months the systaii has provided effective cooling and 
heating on a continuous basis. The estimate cost of this service has been 
minimal in comparison to other non-solar cooling systems employed In tne local 
area, and has alleviated the North Georgia APDC of a major operating expense 
during the summer montlis. 
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Maintenance on the system through February 1979 Is as follows: 

K Nay 24-25, 1978. Seal failure on main circulation pump. Parts 
under warranty. Labor cost $100. 

2. June 1, 1978. Solar sensor controls out of calibration. Materials 
cost, none. Labor $160. 

3. June 5, 1978. Seal failure In pump P-1. Replacement high temperature 
seal. Materials cost, none. Labor $160. 

4. June 20, 1978. Malfunction of boiler Ignitor. Electrodes cleaned 
and reset. Materials cost, none. Labor cost $80. 

5. July 10-August 7, 1978. Pump motor (P-1) shorted out. Pump pulled 
for factory repair. Materials cost, none. Labor cost $160. 

6. August 15, 1978. Malfunction of control time clock. Clock replaced 
under warranty. Materials cost, none. Labor $300. 

?. November 10, 1978. First floor thermostats were initially cross-wired. 
Materials cost, none. Labor $80. 

8. December 8, 1978. Autcmidtic drain down failed causing collector freeze. 
Piping repair and Installation of vacuum breakers. Materials cost, 

$370. Labor $530. 

9. January 8-25, 1979, Failure of transformer in boiler Ignitor system. 
Transformer, pump* and seals P-2; P-3. Materials cost, $150. Labor $450. 


Note: The above listed maintenance Items were covered under a one year 
warranty. NGAPDC has not Incurred any costs for parts or labor. 
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MAINTENANCE 


The following contains information pertinent to the solar heating and cooling 
system installed by Independent Living, Inc. of Atlanta, Georgia on the office 
building of the NGAPDC in Dalton, Georgia. The system is operational as of 
May 9, 1978. 

The following has three (3) sections. The first contains maintenance in- 
structions and schedules to be performed according to the listed time tables. 
The second section contains manufacturers information on the equipment in- 
stalled in this system. The third contains a description of modes of opera- 
tion and control sequences. 


WEEKLY CHECK LIST 


« 

1. With system off fill both HWST and CWST with water until flow Is 
observed coming cut of vent on top of each tank. This should be 
done monthly « in the winter only the HWST needs to be filled. 


Kax. 


Min. 





HOT WATER TANK 
Water level must be between 
the two (2) silver bands. 




Hin. 


CHILLED WATER TANK 


e 

0 


Water level must be above 
the silver band. 



Q 


2. Check to see that circuit breakers are all closed. 


0 


3. Observe floor for active leaks (not condensate drip spotsi)* 


e 
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MONTHLY CHECK LIST 


1 . Check 

2. Check 

3. Check 

4. Check 

5. Check 

6. Check 

7. Check 

8. Check 

9. Check 

10. Check 

11. Check 

12. Check 

13. Check 

14. Check 

15. Check 


for correct setting of time clock. 

array for leaks while in collection mode. 

to insure all ten (10) array valves are fully open. 

tempering valve setting (140°F). 

room thermostat settings for tempering (21®F). 

blower fan belt. 

blower filters - replace if dirty, 
fuel oil filter for water or dirt, drain if required, 
fuel oil tank level - use a thin nine (9) foot rod. 
storage tanks for vandalism (white seal penetrations). 
C/T fan belt for excess looseness. 

C/T bleed rate while pump is running. 

C/T sump, drain and hose out if required, 
visually boiler flue, push grey damper for movement, 
control settings a) O.A. temp 18°C 

b) Buffer outlet 74°C 

c) C.W. tank temp. 13®C 

d) H.W. tank temp. 50°C 
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SPRING & FALl. 


1. LubHcate C/T fan with 20 W oil. 

2. Lubricate C/T fan motor. 

3. Check C/T float valve operation. 

4. Drain and hose out C/T sump pan. 

5. Lubricate boiler feed pump - fill (2) oil cups. 

6. Lubricate circulator pumps. 

7. Check heater tape (12 amp @ 115 VAC). 

8. Check aquas tat on C/T - fan on at 85°F off at less than 85°F. 


1^7 


EACH SPRING . 

L Check pumps and valves for operation. 

2. Clean strainers (4). 

3. Check damper actuator operation. 

4. Check modes of operation - conventional and solar^ record temperature 
at critical points. 

5. Check boiler limits. 

6. Check flow rates. 

7. Change fuel oil filter. 

8. Replace flow switch on Arkla. (Arkla part no. 14537-169) 


EVERY THREE (3) YEARS 

1. Replace C/T fan belt. 

2. Replace plastic case for fuel prl filter. 

3. Repaint rubatex on roof. 

4. Touch up any rust spots on array frame. 
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PART 5 


PHOTOS OF BUILDING AND SOLAR SYSTEM 


1. North Georgia APDC Building 

2. Collector Array, Storage Tanks 

3. Collectors - Reflectors 

4. Collector Array Support Structure and Mounts 

5. Drain-Down Vacuum Breaker 

6. Control Panel 

7. Control Module, Pumps, Valves, Buffer Tank 

8. Control Module 

9. Air Handler showing damper actuators 

10. Mechanical Room - Control Module, Chiller, Air Handler, and Boiler 
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PART 6 

PREDICTED SYSTEM PERFORMANCE 
SYSTEM AND SUBSYSTEM PERFORMANCE/TECHNICAL DATA 
CONTRACTOR SPECIFICATIONS- INDEPENDENT LIVING. INC. 
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mujynitmm 


System and Subsystem Vcrforinanec/Tcchnicid Dala^ 

A. iltmatalogical l>ata: 

For tlic pro|)oac«l project site provide the following information : 

1. I^ititiide 34. 5 

2. Heuting dc^a'C days 

Yearly i3ilS 


January 


3. Annual Cooling Hours . 17Q Q 

•1. Feak daily insolation 

5. Yearly sunshine 58 

H. ('alli'flor: 

1. Type of Collector 

a. Plate Plate 

b. Tubular ' ' N.A. 


_ BTU/ft* 

- % 

Conmiercial/Brand Nome 


REVERE 


i) Acceptance Angle 

ii) Concentration 


N.A. 


N.A, 


iii) Interccptiori Area 


N.A. 


iv) Mirror Reflector Characteristics 

N.A. 


N.A, 


c. Concentrator 
i) Focusing 


N.A. 


ii) Non- Focusing 

iii) Tracking 


N.A. 


N.A. 


Mode 


• N.A. 


iv) Non-Tracking 


N.A. 


v) Concentration Ratio 


'N.A. 


vi) Reflector Reflection 


N.A. 


* Ail ri'.iuosti'il in this A|))>it.i|')c must l»f (tuppliod or > (it-.lsmeRt frivon ■« to wliy it WM omitted. Date requested 

lire iqieiiiieii for sincle system or aulisystem. If more tlma o«c, specify and supply data for each. 


I 


Syulrin aittl SulMiyiititm l*cr;«krmancc/T«cluitail Dala-Continued 
7- Tr»nit{>areni Cover 
a. Materials 

1. T>pe li'8" thick tempered glasg 

2. Compoaition Soda Iiirec 


b. Cotninercial Ide&tificaUon 

c Solar. Spectrum Traiuirausivity 
d. Solar Spectrum Reflectivity 

c. Infrared Transmiitsivity 

f. Infrared Reflectivity 

g. Number of Covers 3 

h. Combustibility Noncombustiblo 


ASG-Clear or 

Fourco Clearlite / A.S.G. Water White 


39.5% 


A 


91.5 




87 


/ 


91 


<» 


u Kdtro Trpfltmpwf Swipod - qasket onclos^ 


j. Physical Properties** 
1. Density 


155.4 Ib/ft’ 


2. Linear Coeflicient ul Expansion 5.12 x 10 /QF 

1.1 Btu/h*ft?OF/ft. 


3. Thermal Conductivity 

4. Spccif'c Heat 


.273 


6. Tensile Strength 


13,000 psi 


1,000,000 psi 


1.6 Ib/ft" 


6. Compressive Strength 

7. Weight 

3. Absorber Plate 

a. Absorptive Coating 
1. Materials 

a. Type 




.m 


** l'ru|ttfrties uf c>>uvi-ntiuiml tnuUerisU that iirc avaiUltlr in tUitidsrd reference* such a* Mark's Enpneerins Handbook 
iK'i’J not tio restaced iierc provided the material is adequately apt'clfied so that it* prupertie* can be determinad from auch 
reference*. l*ru|>erties of noUerials nut commonly nvuilakle in stendard reference* ahuuld be submitted with ayaltm data 
to the extent known. 


* at 1050 millimicrons 
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SyHtcin anti Subi«yhtem I*n forraaucc/Tecbnicul Dala--Contmucd 

b. Alloy i>:btx>icc>lXKisnc': /(fa(t>pi xKM3tKka a:/Nicko 1-Chrome 

c. Commerciul Idcntificiition Chrome 

2. Solar Spectrum Absorptivity S:6c1k / 95 % 

3. Infrared Emissivity ^6tlc / k &k / 7 % 

b. Baseplate 

1. ' Materials 

a. Type Integral Tubes in Copper Plate 

b. Alloy DHP Copper #122 

c. Commercial Identification Revere Tubo-In-Strip 

2. ThermarPropcrtics 

a. Thermal Conductivity 196 Btu /hr* ft^^F/ft . 

b. Specific Heat 0. 09_42 . Dtu/lb 

3. Physical Properties 

a. Linear Coefficient of expansion 

b. Density 558 Ib/ft _ 

c. Tensile Strength 50,000 psi 

d. Compressive Strength 38/000 t^si _ 

4. Bonding Materials 

a 

a. Type (Brazed, Soldered, etc.) Hrazod lloadors 

b. Composition Sil-Fos or Phos Copper 

c. Comnierical Identification Handy & Hanna n or oqut^ 

4. Insulation 
a. Materials 

1. Type 

2. Cornposition Fiberglass 

3. Commercial Identification Certain - Teed Ultra! ite 
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Syiitt'ni and Suk.Hystem r<;rlur}i.aace/T«cimical Datu-Continued 

b. OutgaiUHini' OuracUmUcs 

L Oulgaawng lVm|wr»ture - . - . — . . . . , 

2. Gas given off P henolic Rosin 

3. Any Condensation KO- 


c Physical Properties 

1. Linear Coefficient of expansion 

2. Density 1.0 l.b/ft^ 


3. Thermal Conductivity ^ ^ ^ 

4. Specific Heat Not Known 


5. Coefficient of Cubical expansion None 

G, Dimensio 22 s 76" x 34“ X 2 ~l/2** 


Outer Base Enclosure 
a. Materials 

1. Type 


Extruded Aluminum 


2> Composition 


6063-T5 


3. Comriiercial Identification Aluminum 

4. Combustibility _ N/A 


b. Physical Pr('perties< As Applicable) 

1. Linear Coefficient of expansion 1 2 . 9__ x lO^^/^F 

2. Density — Ib/ ft^ 


3. Thermal Conductivity 

4. Specific Hcftt 


_1 19 P tu/hrv£t *.’^F/£t . 


0.224 


I>. Coefficient of Cubical expansion „ „N/A 

ti. Dimensions 27" x 3 S " x 4 " 


c. I’hermal Conductivity , 


.Uiil --B Lu/lu^XLif£/lLL.,, 


i 


■ \ 
A 


'•5 

1 


I 
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bytitom uad Suiibytitcni IVrfarmuiice/Tedaiicul l)ata~tit>atiaiie<l 

Puiwive iy.stcuvH rt^juiro tlinl sudicu'i ( calculations or tost roauUa to determine how ert'ective 
tltu Cimeopta will be in providing the nocceaaary functiona. Aa a minimum, the following 
ahould bo provided. 

1. Teat method used NtiSI P 74~d3S and DS ET _7 5 SE 2 

2. Energy Collection Ualc (IITU -Ilr-ft*) Versus time for selected winter conditions and (if 
applicable) for aclectcd aummer cusiditions over u collectiun day. The following ahould 
be provided : 

a. Collector Orientation 


1, Ai^iniuth fc. . , . . 

normal to sun's 

rays 

Doffrt?*?s 

2- ElfciViAkinn 

^normal to sun's. 


Dsfrees 

b. Ambient Comiitiona 


^ 


1. Temperature 

SCO data 


op 

2 . Wind Vt'lik'itv 

see data 


MPH 

3. Wind Direction - ace data. 


Degree 


c. Insolution 

d. Colleeticn Period (Time of Day) sec ? data to - 

1. Provide Graph of Inlet Temperaturca 

To obtain a distribution of data, the inlet 
temperatures were varied and are not a function 
of time. 



2. Provide Graph of Outlet Temperatures 



This is also tho. case for the outlet temperatures. The 
variation of inli>t temperatures during t.he test docs not 
permit a curve I'dot similar to that indicated above. 
However, tlio test data can be used to compute an inlet 
or outlet temperature graph for an assumed situation. 


SyMtrni and Sub8V8tcni IVrfo iuancc/Techuieal Data- Continued 


3. 


Provide a graph of Collector c.. 'nev (n) versus Uie parameter Ti - Ta. 

I 


where n - MC, (T, - Ti) 
A,I 


See attached reports from Desert S'Jnshine Exposure Tests, Inc. 



TiTa 


Ta = Collector transport media outlet temperature (*F) 

•Ti = Collector transport media inlet temperature (*F) 

Ta = Ambient Temp. (*F) 

•*I = Solar Insolation on the Collector plane (BTU/HR - FT*) 
M = Tr;.aflrort media mass flowrate (Ib/hr) 

Cp - Specific heat of transport media 
(BTU/LB *F) 

Ac = Area of Collector (ft*) 

*Aver«ga Collector Tentp. may be uiad T, + T, 

2 

••For concentrating collectors this value should be only the 
beam or direct component for the solar radiation. 


4. Maximum expected temperature under no flow conditions — 350°F * 

6. Discuss provisions for protecting collector under no flow conditions. 

6. Collector Array Characteristics 

a. Total Area 1 8 ft* 

b. Solar Window Area * 1 7 » ^ ft* 

c. Weights of Collector and Framing . lbs/ft> 

Double glass cover 6.1 Ibs/ft^ 

* From Desert Sunshine data, no flow occurs at 

^ ••= .66 
q 

. 120°F, then Tf = 350°F 
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SyNtofii aiul SiiliHyNtcni P«*rfori«ttiicc/T<*clmlcaI Oiitn**ConUniic(l 

C. atoi'iiue 

1. I'ypc (Tank, Rock Bed. etc.) _^NK§ 

2. MotcriiUa 

a. Type 


STEEL 


Ik Finiahea 


INTERIOR COAL TAR EPOXY 


c. Commercial IdcutiAcation 


3. FhyaicalDimcnaionH: THREE TANKS, EACH: 

a. ircitrht 92** DIAMETER 

b. Width - 

c. Lcnt^lh - _14*-10" , -. - 


(WATER) 


•1. Thermal Properties* 

a. Thermal Conductivitj' . 

b. CoolKcient of Thermal expansion (WATER) 

5. Operatintr Temperature Range ~ 

0. Operating Pi’essure Range* 

7. Pressure* 


15 - 25 


60 (Min.) 


op 

PSI 

PSI 


1). {'oolina Subsystem 

CHILLER 


1. Type 


2. Commercial Unit 

a. Type ABSORPTION 

b 25 (WITH 195° HOT WATER ENTERING) 


TONS 


c. Identification ARKLA SOLA I RE 300 
3. Malorials 

a. Types - 


b. Commercial Identification 


♦ Vn.pt'i tii'H of ronvontionnl mntcrinla thnt nrt nvoilnhle In standard references such as Mark’s En^jinccrinp Handbook 
nocil imt ho j’o.stntotl horo provided tho motor in I is ndivpinloly spool fled so thnt its properties enn be determined from such 
rof'cn iuiv^. I'roporties of materinls not commonly nvailablo in standard refcr^'iic^a should be submitted with system data 
to thr I'xlrnt known. 
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System aiitl Subsystem Perfoniumco/Tecliiiical Dutn~Coiitiniie4l 

4. Fluids 

WATER 


a. Types 


b. Composition 


5. Ootifricicnt of performance (COP) data versus pertinent operating conditions (ambient tern* 
peraturc etc.) along with a definition of the COP used, 

C.O.P. = Output (Btu/Hr) /Input (Btu/Hr) = 0.6 
G. Total Cooling Capacity 


Total cooling capacity of the solar system shall be no less thanl?6i3Q9. ... BTU/HR (if it is a 
heating and cooling system). Sensible capacity shall be no less than , f , BTU/HR at 


8000 


CFM of entering evaporator air at ^ *P dry bulb and ^ 


wet bulb. For other systems such as desiccant cycling cooling, the terms evaporator and conden* 
.sor are not applicable. These systems shall deliver the above cooling capacity at inlet air flow of 


CFM at ®F dry bulb and JLAa *P wet bulb. 


K. Heating Subsystem 

SOLAR WITH BOILER FOR BACKUP 


1. Typo 


* Commercial Unit 

a. Type GAS FIRED V’ATER TUBE 


b. Size 


440 MBH OUTPUT 


c. Commercial Identification RITE 


3. Coemcient of Performance (COP, if applicable, data versus pertinent operating conditions (am. 
biont temperature etc.) 


BOILER EFFICIENCY 80% . 

■1. Total Heating Capacity 

The total heating capacity of the solar system shall be no less than 1 QQO — BTU/HR at 


8000 


, CFM of air flow entering at 


65 


“F dry bulb and 


% relative 


humidity. Exposed heated panel (baseboard or ceiling) temperafures shall not exceed *P. 


F. Hot IKntcr Subsystem 

DOMESTIC WATER HEATER 


1. Type 
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SysU'iii aiul Sii!)Hystcm IVTfonnance/lVdinlcal Data— Coiitiiiii<d 

2. (.'oimiicrcial Unit 

u. Tvpo .. ELECTRI C 

I). Size 66 GAL. 


0 .. Commercial IdciitifH'alion 


RHEEM SOLARAIDE 


Hot Water (Rack Up System) : 


delivered at no lesa than 


i'allons of potable (of useable) hot water shall be 

125 


covery time shall be no greater than 


gal/m in at temperature no less than 
2 


»F. Re- 


hours. 

UNDERWRITERS ' LABORATORIES 


•1. Code and Safety Standard Certified Under 
0. Transiiort lictwrcn SnbsjjstciHS 

1. Trovide Sketch/Block diagram of Proposed Solar System piving dimensions and subsystems ^ 

components location and identification. NOTE: This project is in preliminary 

design & physical layout has not been established. See Schematic 

2. Pipinp Details Flow Diagram for functional relationship of 

components . 

a. Diameter 


b. Lenpth of Run 

c. Materials COPPER 


3. Pipinp Insulation 

a. Type FIBERGLASS 


b. Thickness 


1 " 


c. Performance 


K = 0.26 AT 200°F 


4. Transport Media for each element 
a. Type . WATER 


b. Flow' Rote 


GPM (Liquid) 


CFM (Air) 


c. Specify Pre.ssure drop between components. 

r>. Provide Flow diagram for Proposed Solar Energy System. see "SCHEMATIC FLOW DIAGRAM" 

I 

II. 

J. Ojxirating Requirements 


a. Tile maximum electrical energy required to drive the solar portion of the system at its rated 
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System and Subsystem Pcrformancc/Tcebnieal Data*^ontiniicd 
Gupacily shall bo no greater than 5 K.W. Water requirements for cooling condena* 

ers •a nd/ or - in r hwnidtftcfttiem shall be no greater than gal/hr. 

b. Subsystems/Components rc^iuiring electrical energy: 

1. Pumps ^ W w, PiinffHnw CHILLED WATER _ 

2. V..... ^ 


3. Controls 

4. Other 

2. Design Load Data: 



kw, Function 

0.5 . 


AIR COMPRESSOR 


kw, Function 

-kw, Function 

ANNUAL SUMMARY TABLE 


Hot Water (BTU) 
ino\ 


52.8 0.6 

43.2 . 

38.4 
12.0 



9.6 

36.0 

48.0 



Yearly Total 

240.0 

I *■ 

Peak (BTU/HR) 

207,000 



.2 


13,300 


275.5 * 


196,300 


*Calculated Building Cooling Requirement; Divide by 0.6 
for Chiller Input (System Heat Loss) 
















m 




SyH((‘iu an<l SiihnyHloni Pcrioritiaiice/ rechuical Data->Contiiiuvu 

li. Trovitlo Uus follovviiiir .sinmnary of ayMtcm pcrfornaujce t'i'la: 


Munlh 


'rhruarv 


.March 


Auj'U.st 


Sent cm her 


Octoher 


Xiivoinljer 


Docemher 


Solar Kncriry 
Collected 
(MTU) 

(x 10®) — 
42.2 


43.2 


39.0 


35.6 


39.3 


43.1 


46.9 


44.9 


42.9 


40.9 


36.6 


43.0 


IClcctrioal 
Rnerr'y Uc<i*d 
for (Uim)voioiit 
(KWH) 

2320 

2320 

2320 


2320 


2320 


2320 


2320 


2320 


2320 


2320 


2320 


2320 


.•Auxiliary 

Energy 

(HTlDg 

-(x-10^)- 

11.2 


30.1 


40.2 


45.5 


52.2 


35,7 


Equivalent Kncriry 
System Heat Uc(|M for Conven- 


43.8 

39.0 

35.6 

69.4 


83.3 


92.4 


97.1 


78.6 

45.5 

36.6 

48.6 


53.4 

43.8 
39.0 

23.5 

41.9 
50.2 
55.7 

58.5 
47.4 
?' .2 

36.6 

48.6 


• 1 . I’rovidc estimate of yearly energy savings in terms of BTU’s and/or Dollars along with the ra- 
tionale. for the estimate, 

(319.8 - 225.7) (10^) -r 3413 = 86170 KWH x 0.04 = $3445/Yr 

5, Any subsystems or system energy conversion inefficiencies which have not been specified in the 
previi'us subsystem section should be provided now. For example, if an oil fired heater is used for an 
auxiliary energy source state its: 


1. Commercial identification 


GAS FIRED BOILER SPECIFIED PREVIOUSLY 


2. Size/Rating (BTU) . 

3. Efficiency 


•1, Electrical Power Requirements 


0. Provide summary of insolation data used for section II Analysis, "SUPPORTING 

INFORMATION" . 
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SyMtcm and SiilMyatuiii l*crforiiiiiiM'a/TocIiiiittiil I)ata->CoiilIiim*d 

7. DcaiKuLifcundMuinlcnunco 

a. Describe Periodic Muinlcnance provisions and re<iuirenients. 

b. Specify design life of all components (if available). 

1. Healing — - yra. 

20 . 

2. Cooling yrs. 

2<i 

3. Auxiiiary Energy yrs. 

4 . Storage 12 yrs. 

5. Potable 1.2 yra. 

25 

6. Collector yrs. 

20 

7. Energy Transport . yrs. 

25 

8. rnntrnln yi-ii- 

9. Hot Water IL. yrs, 

,A « 15 

10. Pumps yrs. 

^ 20 

11. Fans — ^yra. 

12. Other - — yrs. 


c. Provide Warranty period and extent of coverage of the proposed Solar Energy System and 
subsystems. 




Contractor will provide a one year warranty on materials and 
workmanship, which is the normal under a general construction contract. 
In addition an extended warranty, for a total of five years, will be 
provided for major system components. 


1 
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^ >a. *•' ■-; ^ 


INTERIM PERFORMANCE CRITERIA 


The installation will comply with the intent of the "Interim 
Performance Criteria for Commercial Solar Heating and 
Combined Heating/Cooling Systems and Facilities'% 

NASA #98M10001, February 28, 1975. 




ES'^IMATED ENERGY AVAILABLE FROM SOLAR COLLECTORS FOR HEATING ; 
Assumptions: 

Collectors at 50° from Horizontal 
Average Daily Insolation 2150 Btu/Ft^ + 

Approximate % Sunshine 58 

Average Hourly Insolation » 0.58 x 2150 ■ 126 Btu/Sq.Ft.Hr . 

lixO.9 

Average Ambient Temperature 45® 

Flow Rate » 1 GPH/Sq.Ft. 

Average Collector Efficiency 55% + 

Average Output 69 Btu/Hr.Ft^ for 8 Hours 
(All available for storage when building is occupied) 

Average Daily Unoccupied Heat Loss (January) : 

1,153.000 Btu 

Sq. Ft. Collector Required « 1,153,000 « 2090 Sq.Ft. 

8 X 69 
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ESTIMATED ENERGY AVAILABLE FROM SOLAR COLLECTORS FOR COOI.ING 

jj ; 

Based on collectors at 50^ to horizontal « reflector 
augmented, 190° leaving water, estimated energy available 
is 880 Btu/Sq.Ft. per day (August): 

Square Feet of collector required to handle peak cooling 
load: 

328,000 Btu/Hr Input 3280 Sq.Ft. 

100 

Physically practical array: 

5 rows X 20 panels/row x 17.4 Sq.Ft, Aperture » 1740 Sq.Ft. 

Panel 

Estimated peak collection rate (average for day) ; 

1720 Sq.Ft. X 880 =* 140,150 Btu/Hr 
12 X 0.9 

43% of Peak Requirement 

Collection for Peak Month: 

1720 X 880 X 31 = 46.9 x 10^ 
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BLOCK HEATING LOAD 


Roof 66* X 62* X (70°-5O) x 0.13 - 

Walls (256 x 24) (85%) (0.2) (650) , 

Glass (256 X 24) (15%) (0.6) (65°) - 

Floor Perimeter 256 x 50 * 

Transmission Subtotal 


34,575 

67,890 

35,940 

12,800 

151,205 Btu/Hr 


Outside Air 800 x 1.08 x 65 » 


56,160 


Calculated Heat Loss 


207,36* 


207,365 = 34.5 Btu 

6000 Hr. Ft 2 


Conditioned Area 


Specify Minimum Heating Capacity of 207,365 x 120 « 


248,840 Btu/Hr 









BLOCK COOLING LOAD 


Roof 3600 X 0.13 X 50 * 

Lights 6000 x 3 x 3.4 = 

Occupants 25 x 250 = 

Glass 

Radiant 920 x 20 = 

Transmission 920 x 0.6 
Walls 5220 X 0.2 X 15 

+ 10 % 

RSH 

RLH 25 X 200 = 

OASH 800 X 1.08 X 20 = 
OALH 800 X 0.68 x 45 = 
Grand Total Heat 
Tons Refrigeration 


23.400 
61,200 

6,250 

18.400 
X 20 «= 11,040 

15,660 

135,950 

13,595 

149,545 Btu/Hr 

5,000 

17,280 

24,480 

196,305 Btu/Hr 
16.4 
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ESTIMATED {{EATING ENERGY REQUIREMENTS 

OCCUPIED liOURS 
(October - April) 

7 Mo. X 4.32 W ks X 50 Hrs ® 1510 Hours 

Mo Wk 

Average Outside Temperature During Occupied Heating Hours: 57,5®P 

Average Heat Loss Prom Building (Occupied Hours) 

(Assume No Heat Loss from Building above 65®P Outside) : 

207,365 Dtu Design Loss x (65-57,5) » 25,920 Btu 
Hr (70-loP Hr 

Anni’nl Heating Requirement, Occupied Hours: 

25.92 x 1.510 X 10® » 39.1 x 10® Dtu 

Credit for Lighting: 

66-2/3% X 6000 Sq.Ft. x 3W x 3.4 Btu *= 40,760 Btu/Hr 

Sq.Ft. W • 

Net Annual Heating Requirement, Occupied Hours « 0 

UNOCCUPIED HOURS 

(7/12 X 365 X 24 - 1510) = 3600 

Average Outside Temperature During Unoccupied Hours: 42.5®P 

Average Heat Loss from Building (Unoccupied Hours, Lights Off, 

Inside Temperature Set Back to 60°F) : 

207,365 X (60-42.5) = 55,830 Btu 

65 Hr 

Annual Heating Requirement, Unoccupied Hours: 

3600 X 55,830 = 201 x 10® Btu 
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’ ESTIMATED COOLING ENERGY REQUIREMENTS 

Peak Energy Input to Chiller = 

16.4 Tons X 12,000 = 328,000 Btu/Hr 

0.6 {Average^C*O.P.) 

I Heat Equivalent of HVAC Auxiliaries, Cooling Cycle: 

10.5 KW X 3413 » 35,835 Btu/Hr 

Average Monthly Energy Used by Auxiliaries: 

17 Days x 13 Hrs/Day x 35,835 = 7.9 x 10® Btu 
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SOURCES 


Heating degree days, vequi valent full load operating hours: 

1976 ASHRAE SYSTEMS HANDBOOK, Chapter 43. 

Outside design conditions, transmission and solar load 
factors: 1972 ASHRAE FUNDAMENTALS HANDBOOK. 

Daily so]ar inradiation to 45° collector surface: 1974 

ASHRAE APPLICATIONS HANDBOOK, Chapter 59. 

Average sumrrier and winter insolation values: “Monthly Maps 

of Mean Daily Insolation for the United States", SOLAR 
ENERGY, 9, (3), pp 164-165 (1965). 

Normal daily maximum and minimum temperatures, mean percentages 
of possible sunshine: ITT SOLAR HEATING SYSTEMS DESIGN MANUAL. 

Collector performance: Manufacturer's published data. 

"Design and Simulation Studies for the Shenandoah Community 
Center Large Scale Solar Cooling Demonstration" (ASME Publi- . 
cation) . 












PART 7 
PROBLEMS 


The North Georgia APDC solar system has operated continuously for eight 
months with a total down time (system out of cfjcnmission) of approximately a 
week. Partial down time, where a subsystem malfunctioned, has been about six 
weeks. During the ei^'i t ?«onth period, the system has either effectively 
delivered the required heating or cooling from solar or from the back-up 
(supplementary) system, or as in one instance, during which the boiler was 
inoperative, heating was provided exclusively by the solar system. 

The most significant problems encountered during the eight month operational 
period are the freezing of the collectors, failc’^e of the main thermal circu- 
lation pump motor, and malfunction of the ignitor transformer on the boiler. 

Most problems, with the possible exception of the freeze damage to the collector, 
appear to be material failure and not necessarily associated with any design 
inadequacy. All problems have been handled in an expeditious manner by the 
design-installation contractor. 

A detailed discussion of these problems is presented below. 

1. System Freeze: Over the weekend of December 9-10, the North Georgia 
area experienced a sharp drop to below freezing temperatures, i.e., from 70*F 
to 10°F, as a rapidly moving cold front moved through the area. The cold frontal 
passage was preceded by record high temperature on December 7-8. During the 
freeze period the solar collector array experienced severe freeze damage to 
the supply headers. The extent of freeze damage was limited to the supply 
headers (primarily the two headers supplying the center collectors) where 
approximately 44 leaks were discovered. In addition, 4 leaks were found in 
one top return header, and 2 leaks in the bottom of one collector. Although 




I 





i 






i 

I 
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the freeze damage probably occurred on the weekend, the system appeared to 
operate satisfactorily on the 11th (operating on supplementary boiler). The 
first malfunction was noted on the morning of the 11th, i.e., the failure of 
a dry seal in the main circulation pump in the solar loop. A complete damage 
evaluation was conducted on December 13, 14, 15th. The system operated on 
supplementary boiler for approximately one week while repairs were made to the 
collector array. 

A verified explanation for the system freeze has not been completely dev- 
eloped. The most reasonable explanation is that water vapor from the hot water 
storage tank was admitted to the system through the solar collector return 
lines by a siphoning action. The NGAPOC system employs an automatic draindown 
feature and if the return line was above the water level in the thermal storage 
tank, water vapor could follow this route into the collector. When the rapid 
change in outside temperature occurred, it is theorized that condensation in 
the collectors produced sufficient vacuum to drain water into the system, then 
freeze and produce the damage. System modifications that have been incorporated 
in the system as a result of the freeze were the installation of air vents 
on the top of each return header on the collector array and adding more water 
to the storage tank so that the collector return line was submerged below the 
tank water level. 

2. Failure of the main collector circulation pump motor: The removal of 
the motor for repair under the warranty arrangement required over three weeks. 
During this period, heated water was supplied by the boiler (creating extra 
expense for the additional fuel oil) but the building remained comfortably 
cool. This situation could have ben avoided by having a spare motor'on hand. 

3. Boiler: During the period January 15-25, the supplementary heating 

system (oil fired boiler) developed problems in the ignition system. Once 


i i 

] " : 

j . I 

' the boiler had shut down on automatic control, It would not reignite. 

i 

During this period, the boiler was started manually for heating the building 

t 

i In the morning hours. For approximately three days the building was heated 

; strictly by solar. The trouble with the boiler was traced to the Igniter 

I- 

r 

\ transformer, which was replaced. 

I 4. Instrumentation: The design of the North Georgia APOC solar system I 

y * j 

I did not specify monitoring Instrumentation, and from all overall design stand- j 

i I 

I » point, this has been a serious omission. The cwner-operator of the system has I 

I '■ 

found that a qualitative assessment of the operation of the system Is impossible, 
f i' 

I The system provides the correct level of heating and cooling as required; • 

f 

I however, any measure of operational efficiency is unavailable. In addition, 

the isolation of problems by the operator-owner has been made more difficult 

V 

without this instrumentation. Hopefully, this situation will be corrected. 

5. Miscellaneous: During the first few weeks of operation, operating 

controls, set points on thermostats, and balancing the various zones was a 
' minor problem but obviously not an unexpected one. Minor adjustments have been 

required during the change over to fall weather, however, it is questionable 
whether this is a problem area. In all cases, the contractor responded to 
. make appropriate adjustments. 




s 





PART 8 

RECOMMENDATIONS 

The North Georgia APDC solar system has proved to be an efficient, cost 
effective system primarily due to the special efforts of all members of the 
project team. It is indeed difficult to raise problem areas when the overall 
project is a success, however, it is our recommendation that future grantees 
pay very close attention to the development of the team, the lines of authority 
which are required in contractual arrangements and aspects of the solar field 
which are still experimental. It has been our experience that the owner-operator 
establish the appropriate line of contractual authority as soon as possible, 
so that all parties can perform effectively from an established position. 

In the opinion of the owner-operator, the success of the North Georgia 
APDC solar system can be attributed to effective operational design. However, 
another important aspect of design was to specify quality materials and workman- 
ship which has provided a relatively trouble-free system. 

The design specified copper collectors, copper plumbing, welded steel 
collector array support, steel storage tanks, high quality pumps and valves, 
and quality control on all solder joints. In addition, all pipes and exposed 
surfaces are fully insulated, including exposed portions of the chiller. This 
attention to quality has resulted in an outstanding system. 

Another noteworthy feature of the North Georgia APDC is the prefabrication 
prui.ess used by ILL All major components such as the collector modules, reflector 
panels and the control module were preassembled off-site. These components were 
delivered to the site at the appropriate time for installation. In this way, 
installation of the system was completed in approximately four weeks with a 
minimum of difficulty. This also has attributed to the soundness of the system. 
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VERIFICATION STATEMENT 





March 14. 1979 


Independent Living, Inc. 

5965 Peachtree Cornets East 
Norcross, Georgia 30071 / Tel. (404) 449*5900 


North Georgia Area Planning & 

Development Commission 
503 West Waugh Street 
Dalton, Georgia 30720 

Attention: Mr. Don Kolberg 

Dear Mr. Kolberg: 

The solar system installed at your facility In Dalton was Installed per 
the "as built drawings" provided through your organization. 

The system performed in accordance with the test plan provisions at the 
time of the System Acceptance Test in Dalton. 

The system meets the intent of the interim performance criteria for solar 
comriercial heating and cooling and heating/cooling systems, NASA document 
#98M10001, dated February 28, 1975. 

Sincerely, 



William T. Hudson 
President 


WTH:bp 
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APPENDIX A 


MANUFACTURERS LITERATURE 


SYSTEM COMPONENTS 
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SPECI^^IOAIIUNS 

MOOLI wr(i300 


DESIGN DELIVERED CAPACITY, l*'!u/h .306.000’ 


DESIGN DELIVERED CAPACITY. Tons J.M E 25 5' 

LNERGY RFOUIREMENTS 

Design Hot Water lnpi;t, Blu/h 447.000 

Oosign Hot Wafer inlet TomprvaSoro, ‘’F 195 

Design Hot Water Outlet Temperature. *'F 184 6 

Po! missible Rano<> of Inlet Temp 160 to 200 

Desion Mol Walcr Flow, ijpm ,90 

Pi I'ssiii o Drop, Feel of Water, at 90 ypm 20 7 

Permissible Range ul Flow, gpin 50 to 100 

PresstiK* Orof). FiJOt of Wiilur. at 100 gpm . . . . 25 6 

Maxinumi Working Pressrife psig 100 

tltH:lfical Vollago, 60 H/, 'i Phase 115’ 

Maximum Wattage Draw 150 

CHILI ED WATER DATA 

Design Inlet Toiii|)eiatiire,''F 55 

DesKin Cutlet TeinperaliKe;‘‘F -.45 

IVisign Flow, gpm 60 

riessuie Drop, Feet of Waler, at 60 gym 9 8 

Peimissible Range of flow, gpm 30 to 100 

I’ essiiie f)iop, Fei.'l of Wator. at lOOgprn 269 

Miixinuiir. Wot king Prestitiio. psig 100 

Unit V\^Her Volume, Gallons, Approx 12 

Fouliny Factor 0005 


CONOENSINP. WATFh OAFA 

D'.iSiyn I leal llrrierlmn l.tlii/li . 753,000 

Di.’Shim lolet Tt*ni|'ciiiliiie. '’F .. 6.5 

Design Oollei Ten'i'eiiiftiie. I 1017 

Penni.ssil)!o ltang<; of Inlot Temp 75 to 90 

Design Flow, gjnii 00 

Pressure Drop. Feet of Wafer, af 90 gpm 22 9 

Pr.-rmissible Range of Flow. <ipnr! 50 to 1 1 0 

Pioosuro DiOf) Fei.'l of W'.iler, af 1 10 gpm 33 5 

Maximum Woi King Pressure, psig 100 

Unit Water Vrilumo. Gallons. Approx 20 

Frjuliny Faclor 001 

FOR COOLING TOWER SELECTION 

Maximum Heat Reieclion. Blu/h 853,000 

RniHje,"F , . 1610 17 

Minimum Permissible Sump Temperature, *’F 75^ 

SERVICE CONNECTIONS 

I lot Walei Inlet anil Oullel 2 ' f-PT 

CIliHod Wilier Inlet iiiwl Ortlk*! 2'i " FPT 

Condensing Water Inlet and Oullel 214' FPT 

% 

PHYSICAL DATA. APPHOXIMATES 

Of)eraling Weigbl. Poiimls 3 420' 

Stiippmg Weight. Poi.iads 3. 1 45‘’ 

Crated Siie, inches 1 14 W, 450, 60 H 


NOTES: i Capacity <rt design conditions. For ciipiicilios at oilier C(;mlilion5. see Page 4. 

2 Units uguiDped (or cpoiaiiixi on 230V-50H/-lPh available on sjxrciiif order. 

3 7iu';f mosliitic swiich to crxi'rol 'ower (an MUST be used Set lu cut out ' at 75^’F. 
•I liiciiides circiilaliiH/ water weigl its. 

6 Units as snippet! contain Lilhium Bromide charge. 


ojMnNsioNAL vmws 



LEFT VIEW FflOWT ViEW hlGHT VIEW 


WFB 300 
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inoefising Water 




ConcK.MtsnMj W.Uor Flow 90 gprt) 
Chillr-j Watc/ Flow: 60gpni 

HoF ^aler Flow 90gDfn 


Tonipc‘falutes in 
D(‘gfee$ Fahrenhf>it 



Energy 

Leavinc) 

Chilled 

Inpul 

Water 

O'.u/h 

Temp 




173 1 
180 1729 

1722 


176 9 
185 176 8 

176 3 


184 7 
195 184 8 

1B4 6 

168 7 
200 189 0 

188 6 


257.000 

277.600 

297.SOO 


302.400 

313.800 

341.200 


352.300 

354.900 
380,700 

396.000 

400.CX) 

421.51 X ) 

! 4487700 
I 446.700 
I 451,600 

490.900 
481.800 
193.200 



S8.400 
129 600 
145.000 


132.000 
166.800 
180 000 


163.200 

196.800 

213.600 


40 

192.000 

45 

224.400 

50 

246 000 

40 

218.400 

45 

252.000 

50 

276.000 

40 

237 600 

; 45 

276.000 

50 

306.000 

• 40 

258.000 

45 

306.000 

50 

328.800 

40 

270.000 

45 

3l8.cX)0 

50 

360.000 



1 leal 
lobe 
Rejccled 
tiUi/li 


40 

66.000 

55 

190.000 

45 

08.800. 

74 

230 000 

50 

102.000 

85 

277,900 


271.000 

347.500 

372,600 




420.200 

474.400 

511.100 


494.400 

538.200 

58/.200 


570.700 
606.900 

656.700 


1)33 600 
676,000 
/27.500 


706.700 

752.7 a ) 

780.400 


760 900 
799 800 
853.200 


e)0 000 


96.000 I 8 0 1 235.100 


322 400 
402 (XX) 
469 600 
5.S.3 400 


f303 100 
I >06 500 


I 


Con^K-nsing W.iln i tow OOgprn 
ChilU.Hj WaU.T flow 60 Of^rn 

Mol Waf(*f Flow OOdOin 


Ti3in(XiialiiM.‘ii m 

Douioor, rnhionhoil 


flot 

Hoi 


Leaving 

Water 

Walor 

Dn.*rgy 

Cliilloil 

Inlot 

Outlet 

Inptil 

Water 

Temp 

Teiii|) 

Bill 'h 

Temp 




174.200 

180,000 


2to.aj 

22'.^ 


259.000 

270.900 


306,700 

321,100 


351.600 

357.500 


395.700 

405.000 


446.200 
449 800 


5ai.ooo 
492 axi 


54 7.400 
527,900 


108,000 

115.200 


138.000 

152,400 


174.000 

109,600 


206.400 

228.000 


236.400 

259,2 a ) 


260.400 

291.600 


282000 
32 1 .600 


300.000 

344.400 


312000 

360.000 


282.200 
295 200 


348.000 
379 900 


432.9(X) 

160.500 


513.100 
549 100 


568.200 

616.700 


656 100 
696.GCX) 


728.200 

771.400 


80)000 

836.400 


'059.400 

8B7.9a) 


IS TON OPERATION 

DaUi III fdllowing hitilo arr with oHiiislr^il (oi 15 ton opt.'iatiun 
CniultM'.sinii WalOf Flow 54 gpm I lol Water Fk;w 54 nrm' 

CfitUod Walor Ffovv 36qpni Tomr^'ralurt.jG m D<.*()o.‘eS falifonhetl 



180 17 16 220 800 


.3 300 


18.5 

190 I i/n:' 


72 00(.‘ 

6 0 

98.(X)n 

8 2 

128 409 

10 7 

)ri7,:’oo 

13 I 


78 000 


•135 70(1 
17 0 I 488 U)0 




Will H • ji( I . f )' (ill i Jii (jii-ilily 

Ai I- 1,1 111- 1; I'.If I* •*. iiH. 

on i;.,. 5M 
I v.m-. .Mill 1} 1 4 /' 7( )•! 

I < iRM N( ) .MR.iOl 1 IK. I !0,d 


^ pfm , 



























































































































































ARKLA INOUSTRtES INC. 


P. 0. Boji 534 Evansviilu, Indiana 47704 


I til II V; V 1.4..5(A) 


(lAll : Jan. . 1977 


MAIN7LNANCE 


•^roper nvaintenance is a necessity to insure continous, efficient operation 
of the equipment, it proiongs the life of the equipment and reduces service 
requ i rements . 


The maintenance requirements on Arkla's Soiaire Units are relatively simple. 
The suggested monthly routine can be done by competent building maintenance 
personnel. 


Spring and fall change-overs and any service should be handled by trained 
servicemen. 


Maintenance on auxiliary equipment to the Arkla unit should be performed 
according to the manufacturer's recommendations. 


In the suggested inspection routines, reference is mode to page numbers in 
the Arkla Service Manual. This Is to aid in finding the information needed 
on a particular subject. 


MODELS 


4 


WF8-3CO- 


As these inspections are made, all temperatures and adjustments should be 
recorded. Changes in temperature or conditions should be noted for discussion 
with the servicing agency. 


MONTHLY INSPECTIONS 


COOLING: 


1. Take a complete. set of temperature readings (VI-15). If a problem is 
indicated, call servicing agency. 


2, Check cooling tower; 

a. Cleanliness of sump, 

b. Cleanliness of sump screen. 

c. Ccsdi+ion of fan belt. 

d. Check water distribution system. 


Check condensing water bleed -off flow rate (lV-35-2) 

Check operation of condensing water chemical treatment eguipment (if using). 


i'poti all valves, on dirt legs and strainers long enough to flush out any dirt 
or trash. 


o. Visually check piping for leaks. 

V. Pt.;rform maintenance on auxiliary equipment as per manufacturer 's instructions. 
B. Check equipment and area for cleanliness. 

SPKIM G START -UP 
A. lOWl.R 


. Clean and flush distribution system and sump and sump strainer. 
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AHKU INOUSTRiCS INC. 


P. 0. 8ok bi4 


Cvansvilie. Indiana 47704 


I Ml '1 : V I ^ ^ 


!)AU.; J iMi., \o-> 


5. Check operation of chilled water low temperature swi Ich. (V-12-4) 

6. Check operation of flow switch. (V-15-1) 

7. Check operation of evaporator low temp switch. (V-M-3) 

8. Check hot water valve modulation. (IV-43-10) 

9. Check all external controls in the system. 

0. OPERATIONAL CHECK 


M' 


WFB-300 


1. Place thermometers in all thermometer wells (VI-I5-6(A),(B),(C)). 

2. Operate unit on cooling for at ieast 30 minutes or until all temperatures 
heve stab i I i zed . 

3. Record temperatures. 

SHUT DOWN 

A. TOWER 

MOTE: If the condensing water system could be subjected to sub-freezing 

temperatures it is recommended that the system be flushed with a mixture 
of ant (-freeze and water after performing tlie shut down procedure given 
below. This mixture should be capable of withstanding ihe lowest expected 
ambient temperature. 

1. Close valve in tower make-up water line. 

2. Open ail drain valves and remove all plugs in condensing water system, 

3. Clean and flush tower's distribution system. 

4. Clean and flush tower sump. 

‘3. Clean all strainers in condensing water system. 

6. Circulate anti -freeze titrough condensing water circuit. 

7. Ih^^fnove fuses so ttiat condensing water pump or tower fan cannot accidentally 
be operated without’ water. 


7 


B. BN i T 

1 . Turn off unit. 

2. Open all valves to drain the condensing water circuit. 

3. Turn off manual hot water supply valve to the unit. Open drain valves. 

4. Check anti-freeze concentration (IV-29-2) and close chilled water valves at unit. 

b. Touch up all rusty areas on unit by painting. Arkla l\uf No. Z-3181 Pizzaz 

(Orange Paint), or Giiddens Poly Urethane Floor Enamel, Color No. lbl57(Tinted) . 


MARLEY 


Insiallalion, Operation 


and 


Maintenance Instructions 


SERIES 4600 


STEEL AQUATOWERS 


StPTlIMBER, 1975 


OM-4a')oc 


5800 Foxridgc Drive - Mission, Kansas G6202 




INSTALLATION. OPERATION. MAINTENANCE, DISASSEMBLY - STEEL AQUATOWERS 








Installalion, Operaliou and Muinlananoe Inslruclions 


SERIES 4600 

STEEL AQUATOWERS 


TOWER LOCATION 

Locate so prevailing wind will blow into the louvered face. 
Direct fan discharge away from building surfaces to elimin- 
ate the possibility of discoloration. Locate so there is free 
flow of air to and from the tower. Allow clearance on all 
sides for maintenance. Artchor in a level position to a stable 
foundation. 

INDOOR INSTALLATION 

A duct is required from the tower air discharge to the out- 
side. In some cas 2 s it may also be desirable to install an 
inlet air duct. If ducts are used, the total draft loss should 
not exceed .10'* water pressure. Draft losses can be mini- 
mized by: 

a. Using 20% oversize ducts. 

b. Avoidirrg sharp turns or abrupt changes in size. 

c. Keeping duct length to a minimum. 

d. Increasing the area of screened or louvered opening so 
the net free area is at least 20% greater than the tower 
discharge opening area. 

Ducts should iie attached to the tower using rubber or 
canvas connections. Access openings for servicing the 
mechanical equipment must be provided if air discharge 
ducts are installed. If the duct discharges into the prevailing 
wind, it may be necessary to install a windbreak or an 
elbow to serve as a deflector. Ducts installed on towers 
with year around usage should be water tight and insulated 
to prevent oondensation. 


TOWER INSTALLATION 

The tower is shipped complete with the motor in a carton 

and miscellaneous parts package within the tower. Anchor 

tower by bolting a clip to the foundation and basin sides or 

through slots in legs using 3/8'* or larger bolts. 

PIPING TO TOWER (Summer Temperature Conditions) 

1. Use pipes of sufficient size to provide minimum friction 
toss. 

2. Connect Kloat Valve to make-up water supply. 

3. Install b eed off lint;. Blced off is the continuous wasting 
of a f.iv'al) ariount of water during operation which 
retards scolo CiiJ corrosion. A Weed-off line can bo 
installed at any point in the system, however, the best 
point is in the hot water line near the top of the tower 
so water will be removed when the |xjmp is operating. 
A copper tul)o, pinched down or with a pet cock can be 
used. 

PIPING TO TOWER (Winter Freezing Conditions) 

1. Where oiierating conditions require tov^r use during 
freezing weather. It is recommended that the towers be 
installed for *'dry basin** operatior^. See Figure 1. 

2. Provide an inside open-ty^re storage tank with a capacity 
of four times the cooling tower GPM. 

3. Connect tower suction to storage tank. 

4. Install make-up water, bleed-off, overflow and drain 
lines on tank. 

5. Insulate and heat water lines exposed to freezing temper- 
atures. 
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FIGURE 1. Flow Diagram for a Cooling Tower with indoor 
Storage Tank. (Piping 1$ Arranged So That Tower Basin Will 
Drain When Pump Is Shut Off.) 



FIGURE 2. Electric heater systems are available as 
optional cquipn^ent to prevent freezing the cold water 
basin when it cannot be drained. 




MECHANICAL EQUIPMENT INSTALLATION 

MOTOR. SHEAVE AND V BELT INSTALLATION 

1. Check the motor name plate to ho sure its voltage, phase 
and frequency ratings are the same as the pt^wer supply. 

2. Check to insure that fan is tightly seciMod to bearing 
Ik) using shaft and free to rotate and that bearing housing 
is secure to sup(X)rt. 

3. Irtstall all thread bolt tension adjusting bolts in motor 
base cradle, see Detail A. Install luck wa.slu:is and nuts, 
fastening adjusimg twits to ntotor base cradle. Hun 
goivani/ed nuts aiwut halfway down on twits. Insert 
bolts through slots in nwtor l»ase. install lock washers 
and run lop nuts down, lockirin base in piaco. Bolt 
motor to tTWlor Irase. 

4. Irtitall motor sheave and align it with fan sheave. A 
plumb line wdl be hel()fut in aligning sheaves. See Detail 

"B". 

5. Install V belt and adjust tei'sion by moans of trell 
tension adjusting Ixjits. A rxjirectly tensioned belt does 
not slip when tfic fan is started; and, wh.en runni«',g, tl)C 
"tight" side is straight between sf>o«ivcs. fire "slack" 
side will Irave a slight how. Coned tension can only be 
determined by trial tuns at successively higher tensions 
until slipping has stopped. 


New belts must be retensioned after 8 to 12 hours oper- 
ation since new belts stretch at a higher rate and "seat" 
into sheave grooves. 

6. Cr)nnecl nrolor to |wwt*r supoly using wi. ing, switching, 
short ciicuil protection ar»d overload jjiotection in 
accordance with the National Electric Code and local 
requirements. Failure to wire the motor (X)ricctly will 
void ils war I ant y. The overload plot eel ion for Motors 
ir ‘SI l>e tKift of the control system, see Diagram "C". 

7. Sleeve htraung motors are usually sliip[)uil witftout oil 
and must b»; oik-d Ijelore O|)oraling. Bail bearing imlors 
arc lubricated for the initial ofxiralion by tiro manu- 
fdcliirer. 

8. If^siall liell guard using sheet metal screws. See Figure .> 
{page 8}. 


AIR INl.t r SCREEN 

instjll fiardwaie useil to attach ait inlet screen to side cas- 
ing sheets. Set screen in txjsiliun and install with wirtg nuts. 

HOT WATER BASIN COVER 

Install "S" stii|>s at hot water t)asin sides. Remove from 
splash box cxwer tfiose »heet metal screws iiidioitetJ or'i 
iiisidilalion drawing. iVrsition basin (x>ver segments aiul 
reinstall sheei mr.-iul screws. 


INSTALLATION OF OPTIONAL EQUIPMENT 


A srTwiI further incrcast^ in lt*nsion should Ire nvide to 
acanint for noimal tielt stretch. AvokJ ovei tensioning. 
Too mucfi terrsion reduces bearing and boll life. 
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V 



Without Tiiermal Overload (Integral HP) 



PI i 


P2 

T2 

T3 

T4 


T8 


T5-L2 


HIGH VOLTAGE 

1. Connect f1 and LI and insulate. 

2. Connect 12. T3 and 18 and insulate 

3. Connect 14 and T5 and insulate. 

LOW VOLTAGE 

1. Connect T1, T3, T8 and LI and insulate. 

2. Connect T2, T4, T5 and L2 and insulate. 


With Thermal Overload (Fractional HP) 

HIGH VOLTAGE 

1. Insulate P2. 

2. Cunncct T2, T3 and T8 and insulate. 

3. Connect T4, T5 ond L2 and insulate. 

4. Connect PI and LI and insulate. 




NOTE: Colors may be substituted for numbers as follows: 
T1 - Blu 3 T5 ~ Black 

T2- White T8-Red 

T3 — Green PI - No Color Assigned 

T4 — Yellow P2 -* Brown 


LOW VOLTAGE 

1. Connect PI and LI and insulate. 

7 , Connect P2 and T3 and insulate. 

3. Connect T1 and T8 and insulate. 

4. Connect T2. T4 and Tb and insulate. 

To reverse rotation, interchange leads T5 and T8. 


WIRING DIAGRAM CAPACITOR START MOTORS. REVERSIBLE, DOUBLE VOLTAGE 





^QQ VOL.T 


VOUl 

WIRING DIAGRAM 3 PHASE MOTORS 


Aeo vouT 


iO-ii 


ALLEN HEAD 
SETSCHEW 


V 






i 




DETAIL "A*' 


MOTOR SHEAVE 
PLUMB LINE 


NOTE: SHEAVES MUST 

BE PARALLEL TO 
EACH OTHER AND 
IN THE SAME 
PLANE OF 
OPERATION. 



DETAIL "3*' 


OPERATION INSTRUCTIONS 

1 . Welsh foreign matter from fill and basin. 

2. Psil circulating system with water. 

3. Start pum() and adjust float valve to maintain 4" (£>'‘on 
models 4619 thru 462b and 8‘' on HDodels 4627 thru 
46331 of water in cold water hasm. 

4. Check bleed off line to make sure water is being dis- 
charged during otxiration. 

5. Cfieck fan for free rotation and oil level in Bearing 
Housing {sec maintenance instructions). Start muMcr and 
dieck direction of rotation. Fan must rotate clockwise 
when viewed from the fan dischatye side If the lotation 



Showing Overload in Starter 
DIAGRAM "C" 


is incorrect, change any two of the three motor leads for 
a ifirec pitase motor or inter clunge the connections of 
either the main or starter windirtgs for sinyie*phase 
capacitor start tTK>tor. 

6. Depth of water in l>oi water basin shoirld be uniform. If 
the basin overflows, reduce the flow rate. Do not pump 

} more water than design catxacity. 

7. Do not cycle the motor so that the total of the starting 
times exceeds 30 seconds each hour. 



i 
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MAINTENANCE INSTRUCTIONS 


MOTOR LUBRICATION 

Lubricate the motor according to the motor manufacturer's 
instructions ship|>ed with the nwtur. Motor should be 
relubricated at the start and end of each operating season. 

PAN BEARING LUBfRCATlON 

Lubricate bearing housings with SAE 20 mineral oil. 


Oil cuf>s should be kept full to insure pioj>er oil level in 
bearing housings. 


BEL T TENSION 

Check licit tension every two to three weeks during peak 
o|K rating season. Refer to page 4, item 5. 

BLEED OFF 

Check the lileeil off for (ontmuous water discharge. 

BASIN AND SUCTION SCREEN 

Dram and clean arid water basin and suction screen period- 
ically. 

FLOAT VALVE 

CU’ck til at valve ponodically for |iroper operation and 
numlunance ol water level. 


i 
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GENERAL 

The following tables show the proper amount of bleedoff. 


COOLING RANGE , 
DEGREES F 


6 

7 * 1/2 

10 

15 

20 


^ PERCENT BLEED-OFF 
^ OF TOTAL GPM 


.15 

.22 

.33 

.54 

.75 


CHEMICAL TREATMENT 

The dissolved solids in the circulating water are oonoerh 
trated by evaporation and must be limited by bleed off 
of some of the water. Chemical treatment is not normally 
required if adequate bieed-off is maintained. 

Algae and slime may occur and can be controlled by care* 
ful application of proper chemicals. Improper application 
of concentrated water treating chemicals may damage parts 
of the system. If scale or algae and sHme accumulate, ob* 
tain the services of a competent waiter treating consultant. 

WATER DISCOLORATION ; / 

Disooloration of water may oo6ir when a cooling tower is 
‘placed in Of)eration. This disoq|orajioyi is not harmful and 
will normally disappear after several weeNir of operation. 
Application of a oomnrx>n bleach soly^n or H|^(^saci 
blecd*of f will alleviate this condition. ^ • 

FOAMING 

Foaming may occur when the (concentration pf dissolved 
solids in the circulating water is high. Increasing the bleed* 
off rate or appiicationof commercial foam depressants will 
alleviate the problem. Foam depressants slight fy alter the 
physical properties of the circulating water 'od may affect 
the tower operating characteristics. Dosages should not 
exceed manufacturer's recommended amounts. Trial of 
several brands may be necessary to achieve optimum foam 
control and tower operation. 


SEASONAL SHUTDOWN INSTRUCTIONS 
BASIN AND FRAME 

Drain the tower basins and all exposed piping. Leave the 
basin drain open. Water may be left in cold water basin if 
tower is located in a non free^ing area. 

iJufinc/ shutdown, clean the tower and make any nccjessary 
rejv.irs. Apply protective coating as required to dll metal 
^^articular attention should be given to bearing 
suppc'.rts. 

MECHANICAL EQUIPMENT 
V BELTS AND SHEAVES 

1. At shutdown, remove arxJ store belts In a cool, dark,/ 
dry room. Clean and coat^shcave grooves with rust pre- 


ventive, la('(juer,or jjaint, 

2. Before putting belts back on sheaves, remove rust pre- 
ventive. ileplacc belts with exa^ssive wear. 

3. When putting tower back into service refer to “Mechar>i* 
cat Equipment Installation'^ page 4 for belt installation 
and tensioning instructions. 

BEARING HOUSING, Oi* LubriCdted 1 ypt 

1. At shutdown, operate until oil is warm; drain and refill. 
Use SAE 20 mineral oil. 

2. Each month, drain water condensate at the drain plug. 
Check oil level and add oil if necessary. 

3. At start-up, operate until oil is warm; drain arxl refill. 

ELECTRIC MOTORS 

Do not start motor witf}out determining that fan is free 
to rotate. 

Refer to motor manufacturer's rer:mmendationsfor lulyf- 
cation and maintenance instructions. 




If shutdown period is longer than seaional, contact The 
Mariey sales office or representative In your area for addi- 
tional information. Always refer to tower serial number 
when writing for informaiion or ordering perts. The serial 
number is stamped on the tower name plate. « i 



‘ < 
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i DISASSEMBLY AND REASSEMBLY INSTRUCTIONS 5. Remove fill. 

^ 6. Remove screrws Ifom coll<?clion bjsin aiwl side casifuj 

Never disassemble the Aquatower more than necessary; for slteeis at fan sheet. Remove side casiny sheets and fan 

X example, if removal of the motor base is sufficient to yet sheet with fan cylinder attached, 

the tower to the installation site, remove only that part 
When dtsasscmblir»g. remember Ik)w each fiart is screwed, 

[ bolted and set in place; fasten screws and bolts for each 

part with each section. Be careful not to mar yaWani/ed REASSEMBLY 

coating. Reassembly of the Aquatower is the reverse of the steps 

noted above. 

DISASSEMBLY - 4619 thru 4633 {sequence is similar for 

4613 thru 4617) The following precautions are important: 

t. Remove motor base. 1. Fill must be installeiJ level to assuie full tower perfoi nv 

2. Remove fan guard, fan and all hardware attaching bear- « ance. 

' ing housing support channel to casing sheets. 2. Bolts which use ruhl)er scaling washers under head 

3. Remove screws attaching top sheet, then remove sheet should be tightened securely to fxevcnt teaks. 

4. Remove saews Attaching distribution basin then remove 3l Be sure rTtcchanical equipment is installed correctly and 

basin. fan rotates freely. 





j 
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PEnn f onTDOLS m 

VBllJwJ UtViSlON or H.1* «Nt«LlN S€^«V1C( 

UNI VOITAGI THERMOSTATS 

Heating, Cooling, Combinotion Heating and Cooling 

J 

APPLICATION 

These Sine voluge thcrmuitats a>mrol heating, cooling, 
or year *round air conditioning units in commerciali 
industrial or rrsideocial installaUons, 

Where cricical or high value pit)ducls are to be maiiii* ’ 
cained at a specific temperature, a single thermostat 
should not be applied to ))crform ai both an operating 
and a limit control. In these applications a separate 
limit control with alarm contacts should be wired to 
indicate when the limit control operates. 


INSTALLATION AND 
OriRATION INSTRUCTIONS 


I 

L_ 


SERIES T26 


ROtM tH-af.t 




LOCATION 

The thermostat should be mounted 4 to 5 feet above the 
floor in a location where It will he subjected to and af- 
fected by averi|»e room lemiKrature. Do not mount ther- 
mostat where it may be alfceted by heat from lamps,. 
sunlij»ht, fireplaces, registers, radiators, pipes, etc. or by 
eoid from windows, doors, registers, pines, etc. 

On ‘.nit heater applications, locate the thermostat below 
and Dehind the heater in the path of the air entering the 
unit, not in the path of the diKharge air. , 

WIRING AND MOUNTING 

All wiring should conform to the National Electrical 
Code and local regulations. Loads exceeding the rating 
of the thermostat can be handled with a relay or motor 
starter. 

CAUTION: Disconnect |H>wer supply before wiring 
conncxtiofis arc made to prevent possible electrical 
sliock or damage lu et|uipmc(U. 

I'hc thermostats are supplied with factory installed ver- 
tical faceplates as staruiard. If horizontal mounting is 
desired, a faceplate to convert the scriical thermostat 
is packed with (lu thermostat for on-the-job installation. 
If any other version is desired (concealed adjustment, less 
thermometer, etc.) separate faceplate kits are available 
for on-thedob installation. 

rhe following procedure should be followed in the ia* 


.OC«*Alft K«tV A 

..KlSl 


»iio« ita 


rig 2 — Lina ^«o«ving iilwltrotirTg matbod ot mov^ting o varti;cil 
to o Kotitonlol ouH«t box und inktulliiig o boWtontol 
locofiioio. 





etg. 1 — Tliarmoilot sifiih •alafiiat kiisk vnd Hi«rfiica(i«ltr. 

stallation. Do not remove the thermostat eover to inttalli^ 

AH wiring ami mounting can be completed witliour re- 
moving the ettver. 'Lhermostat tcr:i)inal identification is 

under mounting plate. 

1. Select the proper mounting locstion. 

2. Install a 2 X 3 vertical or hori^onul (as retjuired) 
outlet box. 

3. Run wire to conduit or BX to a standard 2x3 outlet 
^ t bojt located in tht wall. A standard shallow switch 

ana receptacle Ixtx can be used where surface mount- 
ing and exposed conduit wiring are necessary, such 
as on a ctmerete or brick wall. Allow about 6 inches 
of wire for connections to thermostat terminals. 

4. Remove mounting plate, see Figs. 2 and 3, and fasten 
plate to outlet box with screws provided in mount- 
ing plate. 

5. Make the necessary wiring connecticnf to the contact 
unit at the rear of the thermostat. (Sec Typical Appli- 
cation Diagrams.) Use terminal screws supplied in 
i!ic contact unit. Screws longer than can damage 
the switch. 

6. Hook two slots in back of thermostat over formed 


Pi *fC > 
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«oiie 

VACfMVAIf AO« 
COtMiUfV AfMUMtMiar 


tig. 3 - tin# d'owiog illu^trotif^g matKod •! mountmg • Trrtlicoi 
tHarmoitof ic ouHct bo* AU« fbowft ti « Roiid tocaplol* tor 

conctobd od|U»lm«nt wb«n dco##d. 
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fig. 4 — Diol itopt or# tliown obov«. High limit it»p || itf by fob "A"; 
low limit tlop II Ilf by fob 

jiron^s on mounting pl;iic and swing thermostat 
into posictun against mounting plate, 

7. Tighten mounting plate locking screw* Figs. 2 and 5. 


Optional Focep^olo Instollation 

1. Mount (l;e thern^ostat. 

2. f.ooscti screw in center of knot) with a Alien 
wrench and remove knob. 

3. I*ecl off backing strip from selected faceplate. 

4. Position |d.*to over factory insialted plate with one 
long edge and two corners aligned straight and even 
with installed plate. 

5. Ketain position and firmly ptess selected faceplate 
onto cover. 

6. Replace knob* when retjuired. 


ADJUSTMENTS 

Models with external knob permit thermostat adjustment 
by rotating knob. Indicator line on knob denotes thcrnio- 
star dial setting. 

I'or cotucalcd dial tnodcls (with comt remiivcd), dial 
scttiiig desired should be lined u;» with reftreme mark 
on !)ase of (lurinostat. Ibis will put ilcsircd setting 
at A *J «')Vlock clock-hue positioti when iherinost.it is 
liehi vcrtii .illy. Dial settings on .ScfK> l*2(i bc.i;ing and 
SPDl' tiierinostats indicate point at whitb contacts make 
to si.iM luaiing sNsieiii. Di.il setting tm T>pe 1'26| indi- 
ta( s ptdiu at which comacts make to start cooling system. 

key .idjuMinent, remove screw in n;mer of knob, 
aiijm.f to set point <ieMied and retain ktioh as "fccy‘* ft)r 
luturc re.Kljustinent. 


tlMIT STOPS 

limit .oid low limit stofis are ati inlegfal fcaturt‘ 
(it (I use (herinosiais. Stops may be svt in the following 
manner : 

High limif Stop 

1. Set dul cu maxiimint stop setting clesircd. 


2. l.iHtMii vert w in irnter of kiuA with a Jj/' Allni 
wictiili and remove knoh, 

3. Remove tliertnostat cover by loosening c**ver screws. 
Remove cover. 

4. Wliile bedding dial lirnily in position depress tab 
**A/* I'igure 4 and rotate clockwise until tab is against 
stop 

5. Release tab making sure tab fits into nearest notch. 
Notches in dial arc approximately 2l/^^ V apart, 

low limit Slop 

1. Follow the same stej^s as outlined utidcr **High 

1 imit Stop'* above hut rotate tab Figure 4 

coumcrclock wise. 

2, Replace cover aiul tighten cover screws. Assemble 
knob. Rotate knob to desired normal operating 
setting. 

DIAL LOCK 

'ihe high limit stop ainl low limit stt>p can he sec to 
prevent dial from loiating. Rot.itc tlial to set point dc' 
sired and move ho(h tabs to .i position against either ^idc 
of Stop * (/’ i;s outlined in the above **liigh Limit** and 
“Low Limit’* paragraphs. 

CALIBRATION 

‘Mie Series 1*2b ilierrnosrats arc factory calibrated and 
no field calibration should be attemptc'd. 

CHECKOUT PROCEDURE 

before having installiUiori, a Ci)mpletc operating cycle 
shmdd be ob^e^vcd to see that all coatpuneiUs arc func* 
ciunifig properly. 

REPAIRS AND REPLACEMENT 

*Fhc knob, faceplate and co\ er arc field replaceable. Oth- 
er field rep.iiis must not be made RcpI.uemcnt fhcr- 
inos(.iis may be obtaincil froin the ticarest Penn liaso 
VVIudcsalcr. W'lien ordering a replacement thermostat, 
sjHcil) l‘i(Mluct Number ami Scii.d Nutnhcf as shown 
Oil the cover Ld>el €>f the thermostat. 


FACEPLATES 

I actphius are avail.ihit in scp.ir.'U kits for on ilu Jof) 
ins|. illation. All platrs have peel off h, liking strips 
I'.ueplati s ;,ii' .iv.dl.ihJc ifi .iH < omhinatioiis shown in (lie 
following table. 
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TYPICAL APPLICATION DIAGRAMS 


Mr A Mr Mi 



L..T-..t 

hot - -llJ * t J 
NfUfRAl- — 


i 

4 

« 

I 

t 

« 

J 

fn 

MtATiNC 


Fl^« 5*^lnf«rno| tflo^rttm of Typ« 126A und 
Tyi^ 1I4A <Ao ttUctor). 


COOLING 



HCAT^MG 



A~!fll«riYol dio^r^tin «C Typ« T2di 
(»• l•l•cler). 


rig. 7 — T)fp«f HAS, H6T (no itloctor) wIrOtt 
for tiooflng opplicullon* 




HEATiNU AND COCK ING 


COCUNQ 




manual or 

AUTOMATIC 

CHANGtOVtR 

SWITCH 

TO 

HtATlNG 

TO 

COOLING 


fig. 176%, 1761 (no tolotlor) wlr«4 

lor cooling opplicelion. 


fig. 9 — Typ«i Tf AT (no t«l«c«^t' wirtil for hooting ond cooling 

with mon^iol or oMiomoiic chongoovtr twitch. 


ncating and cooiifM; 



CHANCE OVER 
CONTROL 


fig. 10 - Typ# T7AS, T2AT (no toloctor) on fon>«oil 
vnit with cycling voM«, cnniinwovi tun. TormL 
Aol morhingi |h«wn for Tj^po A19CAC 
chongoovor control 


HEATING AND COOLING 



CONTROL (ifuood) 

fig. t1 — ' Tjrpo T}6S, T2AT (no ««U<tor) on (on^cod 
onit with cycling tun r;nd vuUn. T*rnM> 
nol morkingi rhown iat Typo A17CAC 
chongoovor conIroL 
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Subject! PERPORhAKCE CORVES FOR REVERE "SON-AID* MODUIM 
SOLAR COLLECTORS 


J 

J » 

1 


The attached plots demonstrate the performance charaotepiatlca 
of the several models of Revere "Sun-Aid" Modular Solar Energy 
Collectors available. 


SURFACES: Revere offers three surface treat'oents for the copper 

Tube-In-Strjp absorber plate. The table below Uses these 
surface options with their respective absorptance and emittance 
values. 


! 

Solar Spectrum 

Infrared 

Surface Option 

Absorptance 

Emittance 

Nextel Bxack Velvet' Paint 

0.96 j 

0.95 

Revere "E“ Cuprous Oxide 
Selective 

0. fib-0. 91 

0.12*0.30 

Black Chroma Selective 

0.95 

O.o7 


Plot number one demonstrates the difference for the varluas surface 
options. The three curves shown are for a collector with a single 
special low iron glazing. 


GLAZINGS: i.evero offers five glass cover options. All glass in 

1/8" thick, tempered. The double glazed units are the sealed type 
with an enclosed desiccant. The table below lists the various glass 
options with their respective solar spectrum transroissiv' ty . 


Cover Option 

Percent Solar Spectrura 
Transmissivity 

Single Special Low Iron 

89.5% 

Single Water White Crystal 

91.5% 

Double Low Iron 

73,1% 

Double Special Low Iron 

80.1% 

Double Water White Crystal 

83.7% 
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Keftre Copper end Bnas Incorporated 
»lot #2 


BEVERB 'SUN-AID' MQDUIAB SOUR 1SHEB0Y C0U2CT0BS 
BUCK CHROMB 8EUSCTIVE SURFACE 


VLUID PARAMETER, Xl- | (^In + . T<y„b| /l, •p.ft^.hr/BTU 

Curve A Tempered Single Water White Giaaa, NBS Teated, Ni- .792-. 933 Xi 

Curve B Tempered Single Special Low Iron Glaas, .775- *933 X^ 

Curve C Tempered Doo'‘'.e Water White Glaea, Nj^» ,735-«669 

-=^ Curve D Tempered Double Special Low Iron r>^aaa, Ni«.703-.669 Xl ^ ■— 

Cl rve E Tempered Double Low Iron ^‘'aaa, N^•. 642-.6u9 X< 
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Fire Safety Guidelines for Use of Rigid Polyurethane? 
Foam Insulation in Building Construction 


POLYURETHANE FOAM AND COMBUSTIBILITY 


Rigid foam, polyurethane or isocyanurntc based, is an excep- 
tionally effective insulation material for the construction 
industry. Inch for inch, it provides greater resistance to the 
transfer of heat and cold than any other commercially available 
insulating material. This leads to maximum energy savings 
wliile permitting such design options as thinner walls and roofs 
or smaller healing and cooling equipment. Hccause of its 
closed-cell structure, it has low moisture permeability and thus 
retains its insulating value effectively. It is light in weight, 
versatile, self-supporting and easily installed by properly 
trained and equipped craftsmen. 

Depending on formulation, combustibility characteristics 
of polyurethane foa.,'iS vary widely, as do those of other organic 
V. materials. At the present stage of development, a!! organic 
foams, whether they contain fire retardanLs or not, should bo 


considered combustible and handled accordingly. Experience 
demonstrates that certain precautions must be taken to mini- 
mize the fire hazard in handling, storage and use. 

How polyurethane is used in a building system ultimately 
determines its fire sufetw Exposed polyurethane foam musf 
be protected jrotn accidental ignition by completely covering 
it with a flume barrier as soon as possible alter installation, 
preferably the same day. Sprinkler protection may also be 
desirable. 

Rigid polyiucthanc can be formulated on site from licr.ild 
ciiemicals w'hich arc haimed in place by pouring or spraying. 
It also is available as a rigid boardst(x:k which can be cut and 
filled into place, or as preformed panels, some of which arc 
laminated with materials that shield against ignition. 


SAFETY DURING CONSTRUCTION 


Fire is a serious concern during construction. G<x)d practices 
suggest the following safety precautions: 

1. Foamed-on-site polyurethane should be mixed and applied 
only by applicators trained in its proper use and familiar v/it>, 
its linutalions. It should be foamed in accordance with the 
supplier’s recommendation. 

2. Prohibit open flames, cutting and welding torches, electric 
heaters, high intensity lamps, and smokifig materials such :is 
cigarcUcs, pipes and cigars, from foam storage atui installation 
areas, Ji hot work must be done near expo.scd pulyurcllumc, 
siilcld ibrC foam from iicat and spaiks by a thermal hjrricr 
such as asbestos cement board, A fire v^-atch is desirable. Do 
jiut weld or cut nielal which is in contact with polyiu ethane, 

3. Provide fire extinguishing cquiprneiU at both storage and 


installation sites. Water in a fine spray usually is an eikc* ; 
method of extinguishing polyurethane foam fires. 

4. Store foam boardstock in limited (juantities, in a local), m 
free from any ignition hazard and preferably proteclcr! by 
sprinkler system. Do not stack more than 8 feet high. Provide 
adequate aisle space for access between stacks. 

5. Store and open lirpiij foam materials out of direct sunlight 
at temperatures not exceeding 8.^T in a well-ventilated loca- 
tion. i^o not mix liquid waste components logclher for disposal 
because s[)onlaiieous combustion conid occur. Decontaminate 
em|)ty dfum.s by filling with water out of doors and allowing 
to stand 48 hours uncap ped. 

6. Waste foam .should lie disposed (»f daily in a designated 
location willi due regard for its combustible characteristics. 


SArETY IN DESIGN 


P: . e : )rr*v.d:ition of polyurethane foam has its xiwn maximum 
'.' 0 'f’lT^peraiiirc which should be observed. Consult your 
r f{),“ this information. 

Tfie most important consideration is to make sure that a 
.suifal)je flame barrier covers all surfaces of polyurethane foam 
iri.suia:ion. Additionally, certain applications ni;>y require 


spi inkier protcefitm l.<Kai building code and fire code (Tfi- 
cials, insurers, aiul manufacturers’ specifications and instal- 
lation instruction shouM be checkcci in each specific instance. 

Imrdtor guidance may be obtained from provisions of three 
natimtal mode! buililing codes’ which specify requirements for 
foams used in specific application: 

(over) 

10-20 tSF POOR 0<-'^5-/rv 

Scptcnibci, 1976 


Published by Urethane Safety Group, 

The Society of the Plastics Indusliy. Inc., 355 Lexington Avenue, New York, N.Y. 10017 






SAFETY IN DESIGN (cont’d.) 


Following arc some fire safety design guides for the archi- 
icct and contractors based on these model codes and rccuin- 
nicndations of the Urethane Safely Group. 

For Interior Use 

1. Polyurethane foam used in nit interior wall and/or ceiling 
construction or concealed spaces sliould not be left exposed 
but should be covered with at least 'A inch of cement plaster 
or firc-rated gypsum wallboard or an equivalent 15'mlnute 
thermal barrier. 

2. Polyurethane foam installed above a sus;^ mded ceiling, 
such as in a refrigerated building requires protection by a 
thermal barrier above the foam, i.e., between the top side of 
the foam and the underside of the floor above. The result 
should be a thermal barrier on both sides of the foam. 

3. For panels comprising metal facings on foam cores, the 
model building codes specify minimum thicknesses of steel or 
aluminum facings, and maximum flame spread and smoke 
developed ratings for the cores, and require automatic sprink- 
ler protection. The codes provide for exceptions to these re- 
quirements based on acceptable diversified testing. 

4. The high insulating value of polyurethane foam on a ceiling 
or roof can result in rapid heat buildup under the fiigh points 
of the structure if a fire should occur beneath this surface. 
Automatic heat vents at high points of ceiling are recom- 
mended to provide for release of heat and smoke before 
dangerous buildup occurs. 

5. FLc .stops should be provided for large warehouse ceiling 
areas, between flours in multi-story buildings, in concealed 
spaces, and at penetrations into pipe chases and ventilation 
ihafts. 


ncys, heater vents, steam pipes (unless sfHX'ifically dcsigiicd 
for this application) or other areas which could be subject 
to service temperatures exceeding ratings recommended by 
supplier 

7. Polyurethane foam may be used to fill cavities within 
masonry walls or under grade level concrete floors. 

NOI'E: In all construction, new total system concepts to provide 
effective fire safety for buildings-incorporating automatic 
early detection, alarm and suppression devices-ure recom- 
mended. 

For Exterior Use 

1. Polyurethane foam may be used as a roof covering over 
concrete, poured gypsum, tonguc-and-groovc wood or other 
properly prepared roof decks if the foam insulation is part 
cf a class A, B or C root assembly as tested by ASTM E-108. 

2. Foam insulation may be used as part of a roof assembly 
over bare metal decks provided, (a) a fire-rated underlay of 
perlite, gypsum board or other approved ihcrmal barrier ma- 
terial is applied between the foam and the deck to provide 
protection from fire inside the building, or (b) the root assem- 
bly meets the requirements for protection from fire inside the 
building of the code aiUhoritics who have jurisdiction over the 
specific application. 

3. For Ollier types of roofing applications, refer to local or 
model codes. 

4. When used as an exterior insulating material on such struc- 
tures as tanks or chemical processing equipment, polyurethane 
foam requires protection from the weather and ultra-violet 
rays of the sun and incidental ignition, depending on the 
circumstances. Consult your materials manufacturer, insurer 
and fire officials. 


^ 6. Polyurethane foam should not be used in contact with chim- 


COMBUSTIBILITY TESTS, RATINGS AND HAZARDS 


N .icrous federal regulations and regional, state and local 
building codes make reference to combustibility tests and 
standards such as ASTM F.-84 (or UL 723) the Steiner Tunnel 
P'st. While tests, and numerical flame spread ratings deriveu 
lioni these tests, are the most common means available today 
to compare the various combustibility characteristics oi plas- 
fic.s and other materials, anc io communicate these character- 
istics to knowlcdgabic censumers, tJicy arc valid only as 
ineasurements of the perform ince of materials under specific. 
ctMUroIIcd test conditions and are not intended to reflect 
hcL'.uds under actual fire conditions. More than one test, and 
po^' il'jly a full scale room or corner test, may be necessary to 
qualify a material for intended or proposed ii.se. 

It also should be understood that rigid polyuretlianc hiam, 
as oilier organic materials used in construction, are combus- 
tible and, if ignited, will release smoke, toxic gases (the most 
significant of which usually is carhf^n nionoxitlc), and flam- 
mable gases which could result in flashovcr, all of which may 
cause hazards to life as well as damage to property. While the 
. j,ommendations contained herein arc generally recognized 
hy federal agencies, the model building codes and <^thcr reg- 
uiaHiry bodies as providing requisite levels of safety to life 
arid property, the National Bureau of Standards has staled 
*hat no standard test methodology is currently available to 
evaluate the hazards presented by the toxic off-gases of com- 
bustion. 

The Urethane Safety Group, in conjunction with The Society 


of the Plastics Industry, Inc., is engaged in research to evaluate 
pre.sent tests and to develop new tests that will more accurately 
predict performance of tested materials in actual fire conditions. 

‘Information on the model building codes may be obtained 
from; 

Uniform rtuililinj? Code 
International ( onfcicnLC of Roilding Officials 
5360 South Workman Mill Road 
Whittier. California 90601 

Basic Building Co<lc 

Huilifinp Officials Conference of America 
1 -U 3 bast 6()ll» Slice! 

C lucaKO, Illinois 60637 

Staiulaid BuiMing ('oile 
Southern Builtliiif* Code Congress 
3617 Sth Avenue, S<.)uih 
Birmingham. Alabama 35222 

Further information on the proper application of rigid ure- 
thane foam may be obtained fron* your materials supplier and: 

ITic Society of the Plustics Indu.stry, Inc. 

355 l^xingion Avenue, New York, New York 10017 

National Fire Protection Association 

470 Atlantic Avenue, Boston, Massachusetts 02210. 

Factory Mutual Research Corporation 
P.O. Box 68K, Norwood, Massadiusetu 0"^2. 

National Bureau of Standards 

U.S. Department of Commerce. V/Kshinglon, D.C. 20234. 
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SPECIFICATIONS ^nd Technical Data 


URETHANE 


NOIE.. for information on Urethane foam,, mcludmfi apccific^dtuns and manufactureri>. 

contact the Urethane foam Contractors Assocutinn (tJfCM) it 

140b Jhird NdtiOfidl Building — Dayton. Ohio 45402 — phone (513) 223 0410 


OIATHON 


Will have minimum elonc^ation of 
1207o ai 0 F.. 200% at 40®f . 

2HC% ot 75T.. 3G0% at ICOT as 
tested in accord with ASTM D 2j^70 
Will have minimum Shore A hardness 
of 45 as tested in accoro with 
ASTM D 2240. 

W.Il conform to all local and federal 
air pollutifjn requirements 
Will conform to requirements for 
a Class A ratiiq’ on non comtuistihlp 
Siibsliales as tested in accord with 
U L 790 

Will have a flame spread of 20 or 
less on non combustible substrates 
as tested m accord with ASTM L 84 
Will prevent de^'.radation of iKetfiane 
foam siibstiates due co ultra v olet 
penetration when foam is coated 
vnth a continuous film without 
pinholes or voids as tested m accord 
with ASTM D 822 


PHYSICAL PROPERTIES: 

V VOlUML SOLIDS: 60% 

This high solids by volume of 60% 
results m 9.5 mils per gallon per 
100 sq ft of surface Coverage 
figures are based on smooth surfaces 
Textured surfaces such as urethane 
fuarn may require 15% to 30% 
more material 20 to 28 dry mils, 
properly applied, is usually sufficient 
to protect a polyurethane foam roof. 

2 FLONGATION: 120% at 0*T 

(ASTM D 2370) 200% at AO^f 

280% at 75T 
360% at 100-F. 

3 FLEXIBILITY; 

Films aged under simulated 10 year 
weathering conditions retain their 
ability to be flexed 180* without 
cracking (ASTM D 822) 

4. SHORE A HARDNESS: 

45 (ASTM D 2240) 

5. DRY PI EL ADHESION: 

20 ph (ASTM D 413) 

Adliesive strength is greater than 
cohesive strength 

6 HIGH TEMfZRATURE STABILITY: 
Resists roof temperature heal and 
does not age harden or slump at 
roof temperatures up to 200®F. 
(ASTM D /94) 


Will have excellent resistance to all 
furins of weather between 180®F to 
-70®F. and will retain elastomeric 
properties for a time period 
equivalent to 15 to 20 years as 
tested irr accord wiWi ASTM D 822 
Will prevent absorption ot exterior 
moisture into porea ot urethane foam 
as tested using wind driven ram 
machine in accord with Fed. Spec. 
Standard TTC 555 B. 

Will have excellent resistancr» to 
"coastal” salt spray weather as 
tested m accord with ASTM D 1654. 
Will allow moisture vapor from 
building interior to pass through 
coating and will provide a perm 
rating of 3.0 at 20 dry mils as 
tested in accord with ASTM E 398 
or ASTM D 1653. 

Will not oxidize as tested m accord 
with ASTM D 822. 

Will show no appreciable change in 
color after 1000 hours of testing 
in accord with ASTM D 822. 

Will resist roof temperature heat up 
to 200®F in accord with ASfM D /94 
and will not age harden or slump 
up to 200®F. 

Will retain ability to be flexed 180“F. 
without cracking after simulated 
10 year weathering test as tested 
in accord with ASTM D 822. 

Will have a dry peel adhesion 
strengdh of minimum 20 pli as 
tested m accord with ASTM D 413. 


CERTIFICATION 

A nulanzed certification, quart sample 
anti coaled urethane foan* saniplf s ich 
be submitted from tfie n^anufactuicr 
ten days prior to bid opening 
Certification shall stale that properties 
specified above are met. 


PRODUCT COMPOSITION 
SPECIFICATION 

WEATHER PROTECTIVE COAMNG 
Sfiall be a high solids elastomer rubber 
produced by an emu»s«on polymerization 
technique combining elastomc"' acryhc 
remforemg laminar pigments, ami 
non migrdling fire retardants. Ti.ere n. 
be no solvents or migratory plasticizers 
used Use of non elastomeric acrylic 
resins will not be permitted. 

Addilional Minimum Physical Properties 
ut Coating Sfiall Be. 
a Solids by volume Uu 

b Dry mils p«*r gallon 

per 100 sq ft of surface 9 5 

c. Weigfit per galton 1 1 6 !bs 


PERFORMANCE 

WEAfHER PROTECTIVE COATING 
PfuvKie type of elastomeric coating 
ti.at when applied to exterior sprayed 
uf.dliano loam surfaces, will meet 
f 'Wing requirements: 


l 0-^2 
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SCS-klimo 


ThrM-in-oiw controller fer ventilation 
and air conditioning 


A 5 / 1.8 


Application 

The SCSklimo electronic controller, type HDL9/9/9 U used 
to control temperature and humiditv in ventilation arxi air 
conditioning tystemt. 

They may be used in conjunction with the following: 

- Valves . SeSmegnetic 

. SCS-motor»c 

- Motors , SCS>push puH 

~ Electionic ccncrollad devices a step controllers 


RDL9/9/9 


Type code 

Control le*^ 

Application in ventilation 

and air conditioning 

Three-fold controller 

Proportional output 0...20V DC 
Proportional output 0...20V DC 
Proportional output 0...20V DC 


R D L 9 / 9 / 9 



. ii .3 


RDL9/9/9 System 1: \ proportional output 

System 2: 1 proportional output 

System 3: 1 proportional output 



A2 V B2 


Technical data 

Supply voltage 
Output signal 

Output power 

Compatible sensor:; 

Measuring ranges 

Proportional band 
5^P1.xp2, xp3 

Direction of operation 
Ambient temperature 


24V 50... 60 Hi 

proportional iref; 9' 

V2,Y3 ruChO.,. 20 \ OC 
phase Cut 

indicated L-. Indicator lamp 
nr^A AO W ct 2 \} V DC 
for all outputs togethet 

tempe:atu?e, humirtity ano 
presw^c sersoi s 
temp«irvtur»r: 0 30 

humidit> : 30 ... 80 % rH 

adjustable 0.5... 9 

1 ... 18.% rH 

all outputs are reversible 
0 ... 50 oc 


0 X 


A ^ 

0 



All controller outputs can be adjuf;ed over the full scale range 
with the relevant Xk potent iorreters. 


Devices which may be used for supplementary 
control functions 

— WKK2 reset transmitter for summer or win- 

ter compensation for gradual increase 
in room temperature (for max. of 
5 control loopr). 

— WSKl rpsat transmitter for summer and 

winter compensation (for max. of 
1(X) control loops) 

— WSU1 universal reset transmitter for more 

complex reset/interference pro- 
grammes 

— SCS-indicate indicators for monitor ir>g 
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SCS-klimo 


i- 


Adjustments 


Cunstfj/aion 


The se*poinis are adjustable externally. 

I he controller is supplied with temperature scale strips. These 
tiifve a scale for lelative humidity on the back and should there< 
tore be reversed for humidity measurerr^ents. For pressure mea* 
surrn>ents the scale strip should be replaced by the one sup- 
plied with pressure ser>sors. 

The f.ont plaie can he removed by applying hght pressure to 
rhe red knob ab its lower edge. All the potentiometers are 
now accessible (proportional band xpt, xp2, xp 3 , calibration 
Indicator lamps iixlicate the operating sta- 
tus. thus facilitating adjustment considerably. 

There are operat.ng switches on the printed circuit board, for 
«'hdngir>g .he direction of operation of each individual control- 
ler output. 

On the printed circuit board there are also 3 pinboard with 
plug in resistors. Serisof-selpcint combinations are achieved 
by altering the position of a maximum of three resistors (in 
ordei, for example, to rendei the built-in potentiometer irv 
I peraiive when a remote setpoint potentiometer is used). The 
position of the resistors should be altered to suit the type of 
sensor, setpoint potentiometer or setpoint potentiometer 
rombmatjon in question. 


•■^inboard 

On the printed circuit board in the controller there are three 
pt.>»K3.a»ds with plug-in resistors '*'he position of the resistors 
j»>'creii to luil the type of serisor used 



PU DR on 



Principle of operation 

The ROL9/9/9 controller is a self-contained module comprising 
~ power supply 
“ 2 measuring loops 

3 control amplifieis (assigned to the measui mg loops) 
Integrated circuits amplify the signal from a temperature, humi- 
dity or pressure sensor to give a proportional output signal 
0 .. '‘O V DC (reference 9). Tfi:s allows direct connection of all 
cr.nirolled devices (e.g. valves), damper motors, step controllers 
and power controMers. There is a separate indicator lamp for each 
indiviilual controller output. 


Tha RDL9/9/&* controlior n compact in design and takes up 
the m*n»rfium of Sfwce in thx front of the control panel while 
m«k,r«j optin im us« of ns rj^th. 

It comprises a i baseplate a plug-in control urii. ICryed 

sockets ami pir s on the baseplate and the corrrol unit pn 
vent the wrong equipment from trjiug nlue^ied in by mistak * 

Two retaining rods ensure a secure connection between the 
control unit and the baseplate. 


Mounting 

First the baseplate is mounted and connected up. The con- 
trol unit is then plugged into the baseplate artd secured with 
the retaining rods. 


Dimensions Imml 



n r» 
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Baseplate 
(dri!!*ng diagram) 
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Front panel installation 
dimensions 
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Connection diagrams 
Terminal lay out RDL9/9/9 
RDL 9 9 9. 
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Controller inputs 

Temperature sensors 
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Humidity sensors 



Temperature and humidity sensors 
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Setpoint potentiometer for humidity 
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Controller outputs 
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SCS-klimo 


Averaging uontroller 


I AS/4.5 


Application 

The WSA3 averaging controller is used in multi/on# systems. 
It forms thv average of a maximum of 10 control sigr>als ar»d 
passes the resultant control signal, which is equivalent to the 
average energy requirement of the plant, to either output V | 
(heating) or output Y 2 (cooling). 

This signal is transmitted to the RDE2 controller which com- 
pares the energy available in the outsidj or return air with the 
actual demand ar>d selects the optimum sequence of opera> 
iion. 


Technical data 



Supply voltage 


24V 50... SOHz 

Control %‘oltage 


0 ... 20 V DC phase ckj\ 

Power con'umption 


6 VA 

Output voltage 

Yl 

0 ... 20V DC phase cut 




0 ... 20V DC phase cut 

Output powi 

Yl 

Y2 

40Va1 

40VAJ ^VA 

Starting point 

Xki 

adjustable 0 ... 20V DC 



XK2 

adjustable 0 ... 20V DC 

Steepness 

AUem' 

AUa 

51 

52 

adjustable 0.15 ... 1 
adjustable 0 15 ... 1 

Direction of operation 

reversible 

Number of inputs 

ue 

max. 10 

Ambient temperature tamb 

0 ... 50 OC 


Indication 

Two indicator lamps and Y 2 on the front of the controller 
indicate the output voltages UaI 3nd Ua 2 proportion to 
their brightness. 



<M2 [Vi] 



WSA3 


Basic diagram 


Adjustment example 







IMPORTANT . . . INSTAUATION INFORMATION 


SUNDSTRAND ROTA-ROLL* FUEL UNITS 

MODEL j SINGLE STAGE AND MODEL H TWO STAGE 


INIEI PORTS 


PCGUIAIE 

PRESSURE 



AiR BLEED PROCEDURE WITH NEW 
EASY FLOW AIR BLEED VALVE 


One-Pipe System 

Start burner: Loosen Easy Flow Air Bleed Vtlve 
CCW juft turn for fast purging. 


For clean bleed in restricted spaces, an easily at- 

NEW EASY FLOW direct bleed oil into a 

AIR BLEED VALVE container. A 3M6" 1 D. hose can be slipped directly 
/AND GAGE PORT over end of valve. 


NOZZLE 

PORT 


Optional Procedure: On gravity feed systc*is. be- 
fore starting burner, loosen unused intake port plug 
until there is s Row of oil from the port. 


BY PASS PLUG 
inSMM ^OR iwOPiPf 


RLTURN 
PORT ’4 


Two-Pipe Sysfcmi 

Air bleeding is automrtic. Opening Easy Flow Aii 
Bleed Valve will allov/ oil to be pulled up faster. . 


ONE-PIPE SYSTEM (Inlet line only) 

Check to see that by-pass plug has not been installed 
for two-pipe system. Units are set for a one-pipe 
system. L»ne lengin under 50 feel use O.D 
copper tubing. Line length 5C-100 feet use I 2 * O.l). 
copper tubing. 

TWO-PIPE SYSTEM < Inlet and Return line) 

Remove internal by-pass plug from cloth bag. Insert 
as shown in illustration and tighten securely. Refer 
to line size mforniation on reverse side. 

ALL SYSTEMS — General informotion 

1. Oil lines should consist of not smaller than 3, g" 
O D. copper tubing. See line lize and installation 
data. 

2. Oil lines must be absolutely air tight. Check all 
connections and joints. 

3. Return line anti inlet pressures must not exceed 
10 P S I Higher pressures may caii .e the seal to leak. 
•1. The r^oilel “J*' puinn sliould he iiu*d where miei viiciium 
d«>es iu»l exceed 10** 1 1^:. I he model **H’* pimp should he 
used where mlc! vacuum does no! exceed ZO’* of llg al 


MOUNTING POSITION 

Model “J" in*w be i.i any portion. 


Note: Directioii of rotation and nozzle port location de- 
termined from ahaft «*nd wi.h valve at bottom 


Current Model "H’* with arrowt cn cover may be mounted 
with the valve horizontal at either top or bottom. 

Valve may be mounted «’crtical providing the adjuBting 
•crew is at the top on CW rotation-left nozzU and CCW 
rotation-right norzle modcli. or adjusting screw at bottorn 
on CW rotation-right nozne and CCW lotation-lelt nozzrr 
models 


Earlier "H*' models having a designation ending in -1 -2 end 
-3 v»ere only intended for mounting with valve underneath. 


ADDITIONAL INSTALLATION INFORMATION 

Model E and F for HEAVY OIL 


Piping of fuel iii.es for oil Bred 
vVATER HEATER 


Form No. 1011 
Fo»m No l..)S 


Sundstrand Hoost Pump — 
SIMPLIFIED CIRCUIT 


Sundstrand QUICK PURGE VALVF 
Hum Eliminator for RETURN LINE 


Form No 4 
Foim No 4 50015 
Forn* No 4500Z1 
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TWO PIPE 
INSTALUTiQN 

MAXIMUM ALLOWABLE 
LENGTH OF TOTAL 
INTAKE OR RETURN 
LINE IN FEET. 
(CALCULATED FOR FUEI 
OIL. VISCOSITY 57SSJ) 

LIFT CONDITION (FIG. 31 
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INSTRUCTIONS FOR INSTALUNG 


FIELD TYPE M + MG2 BAROMETRIC DRAFT CONTROLS 




I 
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This is a dual purpose control. 

Single Acting Control — The control is designated as 
Type M when the stop and two cover plates are in 
place This control is lor use with oil or solid luels 
Double Acting Control — The control is designated 
Type MG2 when the stop and two cover plates are 
removed. The control is then lor use with gas 



The stc'»p and two cover plates are painted a dillerent 
color lor eosy identilication To remove the stop simply 
remove the two screws that hold it to the ring (Fig 
1 A) To remove the cover plates. (Pig IB) bend or 
breolt oil the tab that goes through the small hole in 
the ring DO NOT REMOVE THE STOP ATTACHED 
TO THE GATE (Fig 1 C) 

Installation and Adjustment — See sections on control 
locations and collar installation 

Insert the dralt control into the collar The Iron! lace ol 
the control MUST BE PLUMB The bearing surlaces 
MUST BE LEVEL wliether the control is on a hori* 
zoi.laL vertical or sloping Hue pipe Use a spirit level, 
plumb and level accurately Secure the control in the 
collar by tightening the damping screws II the collar 
IS supplicfj locally the control may bo held in place by 
small bolts or sheet metal screws 11 the control has 
any tendency to sag, support it from the ceiling by 
wire or by strapping 

Vsriical Fluss The control is shg |¥*d tor installation 
in a vertical Hue The screw should be lell m the top 
hole ol the weight lever (Fig ID) 

Horiiontol Flues — For horizontal Hues, remove the 
screw from the upj.«r hole in the weight lever and in- 
sert i! in the lower hole (Fig I E) 

Adjusting Ihs Control - The control must be adjusted 
to the desired dralt selling by adding or removing the 
washer ly^x; weights supported by the two chains 
(Fig I F) DO NOT MOVE THE LARGE WEIGHTS AT 
TACHED DIRECTTLY TO THE GATE (Fig I G) as they 
are used only lor adjustment at the lactory 


Control Locations 

For gas fired equipment, the preferred installation is in 
a bull-head tee (see lig A. B. C). Fig D thru | show 
acceptable locations if it is not feasible to locate the 
control as per Fig A, B, C. 

Fig D thru I are the best locations for oil or solid fuel. 
Locate the control as close as possible to the appli- 
u.ice but at least 12" toward the chimney beyond a 
stack switch It must also be located at least 18'* from 
a combustible ceiling or wall 

Do not install m a room separated from the appliance 
Avoid installations in a chimney below where the Hue 
enters unless no other space is available 
When this control is used on a gas-lired unit, consult 
your local gas company and/or niy inspectors to ob- 
tain necessary approval before making the installa- 
tion Inspect the heating plant and building lor condi- 
tions which might cause PROLONGED down droits 
and have tliese conoitiorib e-urrecied A chimney with 
its top lower than other parts ol the roof or too close 
to a higher building may cause prolonged down- 
drafts An exhaust Ian ol sufliaent size and location 
may pull air down the chimney 


BEST locations FOR GAS 



BEST LOCATIONS FOR OIL 
OR SOLID FUELS 





What Drcift Setting to Use 

The regulator should be bet to maintain as low a dralt 
as will give good combustion II *he desired over-lire 
draft, token through a small hole tn the combustion 
10-33 
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chamber, is not known, smoke reodmgs. CO, and Hue- 
gas temperature should be taken to determine il the 
droit setting is correct on oil equipment CO| readings 
and a check to see that no CO is present are essential 
on gas lired equipment 

Gas The usual practice with com-neraal and indus- 
trial gas lired plants is to odiust lor CO| reodmgs be- 
tween 9% end 10%, or even higher, but this will de 
pend upon the analysis ol the gas and the type ol 
burner equipment Cx>niult with the burner manu- 
lacturer 

Oil — Forced or induced dralt burners can operate 
with low over-lire droits With a burner that depends 
entirely upon natural dralt, the dralt in the breeching 


may need to be quit.i high (20 * to .50") to obtain 
pro|>er ovit liie corivlilioris It is easontiiil that CC\ 
readings be token to determine the proper nd)ustmenf. 

Coal — With a stoker, the fuel must be ol normal 
thickness, and the stoker running, w«iri its Ian adjusted 
to approximately the correct setting Drafts over the 
lire ol 08" to 10" (or more) usual!/ are suHident. 
Have just enough droit so that no appreaable amount 
ol gas pulls back into the room through cracks around 
the lire door at the time that the stoker starts 11 there 
IS objectionable smoke, increase drafts slightly (Con- 
sult the stoker manufacturer for proper luel bed and 
fan adju.ntment.) 
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chamber, is not known, smoke rsodings, CO, and Hue* 
gas temperature should be taken to determine it the 
droit setting is correct on oil equipment. CO| readings 
and o check to see that no CO is present are essential 
on gas fired equipment. 

Gas - - The usual praclioe with commercial and iridus- 
triol gas lired plants is to odjust for CO, readings be- 
tween 9% and 10*4. or even higher, but this will de- 
pend upon the arKilysis of the gos and the type of 
burner equipment. Consult with the burner manu* 
lacturer 

OU _ Forced or induced draft burners can operate 
with low over-fire drafts. With a burner that depends 
entirely upon natural draft, the dralt in the breeching 


may need to be quihi high ( 20 ‘ to .50 ') to obtain 
pro|>er ovf*r tiie cunilitions It is essontiai that CC^ 
readings be token to determine the proper odiustment. 

Coal — With a stoker, the fuel must be of normol 
thickness, and the stoker running, with its fan adjusted 
to approximately the correct setting. Drafts over the 
fire of 06** to .10** (or more) usually are sufficient. 
Have just enough draft so that no opprecioble amount 
of gas puffs back into the room through cracks around 
the fire door at the time that the stoker starts. It there 
is objectionoble smoke, increose drafts slightly. (Con- 
sult the stoker manufacturer for proper fuel bed and 
Ian odjuf«tment.) 
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Hydro-Wall design with water ctreU' 
lating completely around thr com- 
bustion area ... no refractory 
combustion chamber, no separate 
base. 

Cast iron sections lor corrosion re- 
sistance and extra long life . . . 
sealed with asbestos rope. 

Available in individual sections or 
with factory-assembled sections. 

Patented secMon sealing method 
assures a watertight seal ... re- 
duces installation time. 

Short draw rods for t.isfer ossernhly 
and a strain free boiler. 





Built-in air eliminator In water boil- 
ers ... air IS diverted to the expan- 
sion tank through a 1-lnch tapping 
located next to the supply outlet. 

Multiple tankless heaters. Up h 
four heaters can be instafled on t!ie 
left side of the largest No. 76 Boiler. 

Built-in horizontal flueway elimi- 
nates the need for a separate sheet 
metal collector hood. 

Steel jacket finished in attractive 
blue hanimerloid . . . completely 
insiil.'ited . . . designed for fast 
installation. 

Designed for easy cleaning through 
top cleanout openings. 
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Instructions 
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GENERAL INSTRUCTIONS 

If the boiler wae ordered as completely packaged, 
thoroughly check the boiler for any conceeded damage. 
If the boiler was ordered as factory assembled or field 
assembled, open all boxes and check the contents 
against the packing lists. In the event of shortage or 
damage, notify the transportation company immedi- 
ately. As you face the front of the boiler, the side of the 
boiler to your right will be referred to In these Instruc- 
tions as the Right Hand Side (KH); the side of the 
boiler to your left will be referred to as the Left Hand 
Side (LH). Bollcr(s) must be Installed In accordance 
with these Instructions so as not to void our warranty. 

AIR SUPPLY FOR BOILER ROOM 

Provisions must be made to supply sufllclrnc air to 
the boiler room at all times for combuc»tlor. for ven- 
tlletlon, for operation of the barometric draft regulator 
(where used), and to prevent le8S-tlmn>utmo)>nherlc air 
pressure In the boiler room. An opening to the outside 
with a free cross sectional area of at least 20 squat e 
Inches for each gallon per hour burner firing rate is 
recommended (('SA requires 1 sq. In. per 5000 HTUll 
Input). For each 1,000 feet above sea level. Increase 
the fresh air opening by 4 per cent ITie boiler room 
should be Isolated from any area served by exhaust 
fans. DO NOT INSTALL AN EXHAUST FAN IN 
THE BOILER ROONL 

CHIMNEY 

(also refer to Breeching Erection) 

The No. 76 boiler Is designed for natural draft firing. 
The chimney must be at least of the equivalent dia- 
meter Indicated on the lust page of tliese instructions 
under RATING DATA DIMENSIONS. On multiple boil- 
er instulations using one chimney, consult Well- Me Lain 
('ustomcr Services Department for additional venting 
information. 

BOILER FOUNDATION 

A boiler foundation is recommende<l where the boiler 
room floor is not level or where the boiler room flimr 
can not support the weight of the boiler. Loiate the 
boiler foundation to provide proper cleiirances around 
the boiler for installation of the piping, burner, and 
internal water heater(s); allow a minimum clearance 
of 22" from the buck of the foundation for breeching 
erection. Allow 18" clearance to the left side for littermU 
heaters If used. A level concrete pud or curb foundation 
Is suggested of the size shown In the chart and Figure 1. 


BOILER FOUNDATION SIZES 

BOIlll NO 

l 

somi NO 

1 

476 

24- 

776 

42- 

576 

30- 

876 

48- 

676 

36“ 

976 

S4- 



FIGURE I 

If the boiler was ordered as completely packaged 
or with the sections factory assembled, locate the unit 
on the boiler foundation or on the boiler room floor 
according to the separate in«truciions furnished and 
Figure 1. Afler tlie boiler has been positioned In the 
selected location, pn>cced to "Hydrostatic IYe^'.Bure lest 
of Holler". 

ASBESTOS ROPE 

• 

Idsted In the Asbestos Hope Usage Table are the 
places asbestos ro|M* must be used and llie diameter 
Mild length of each piece. Asbestos rope must be used 
where indicated. For expediency, the asbestos rope can 
be pre-i'ut prior to starling the section assembly. 


ASBESTOS ROPE USAGE TABLE 

•NOMINAL 
0IAME1EI Of 
ASBESTOS SORE 

CUi 

lenoth; 

tOM UIAOI AND LOCATION 

3/8‘ 

Stranded 

26“ 

98- 

42" 

58* 

Cleanout Plates 
Peiimeter ol each Section 
Dratthood Collar 
Burner Mounting Plate 

1/4- 

12" 

Observation Port Frames 
(Front and Bach) 


*A|ipf oaimuit diumtl«r ai uiuomprctt«J 1/4” nomlnol dtom«l«r rop« •> 
3/S" ii*unU«d rop* //1 6* 


SECTION ASSEMBLY 

1. Prepare the back seiiion for eriH:ting the boiler. 

a. Lay bat k section on floor with ports facing up. 
Apply water-glass, as on adhesive, to the target 
wall area (l.e., back end of firebox) of the sec- 
lltm. Press flexible refractory blanket into po- 
bitioiL 

b. Screw a plwe of 3" diameter pipe, at least 22" 
long. Into the 3" return tapping In the back 
section. 

c. I..ocate the bai k seiiion on the boiler foundation 
shown In Figure 1. Hloik under the 3" pipe 
lu hold the back section up right without addi- 
tional support. These seilioiis are top-heavy and 
will not Bland Individually wlihoutsup|K)rl Make 
sure lhat the seiiion remains in plunib. The 3" 
pipe cun be removed after several sections have 
been ereiied. 
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2. Make ii iimHil continuouH hcnii of "Ahhct«lo!i Kopir 
Adhesive” in the bottom of the curved senllng groovch 
located around the perimeter of the section. Smooth 
out Oh* udhesive ustnK the brush provided. 

3. Po.Hllion the 3/8" by 98" long Hsbestos rope on the 
section by starting at the cleanont o|K*ning (Scr Figure 
2). be sure the asbestos rope Is well seated at all points 
In the sealing grooves so that a gas-tight seal will be 
inalnlalned between the sections. DO NOT APPLY ad- 
hesive to the opposing sealing grooves of the next 
boiler section. 

4 Wipe the port openings with a clean rag to remove 
any grit from the machined surfaces. Do not use any 
cleaner that c'ontains a petroleum base di.stillate (oil ) 
to dean ports, lloce the nominal 7<l/2" and nominal 
3-1/2" elastomer sealing rings in the appropriate port 
oiHMilngs (see Figure 2). 




AMCSTOS 

RuPt 


O 


Cl r AN OUT 



3}M ( xirt P 

Pi ASIOMl a u Al 
NtNO 


riGURE 2 


5. Prepare the pent openings in an intermnliale siv 
lion The Inlermt'diale si*ctions (if u.scd) niiist be 

iiiNtalled in the orchn given in die Sivtion / n angement 
'fable With In. inxi Waier Heaters. Note lhat 18” dear 
mice must be provided on the left side for heater in- 
stallation 

<i Di.scard the 3/8" diameter rods which are recpiiied 
onl\ during shipment; these rods must not be used to 
draw the ht*ctions together. 

a. Position the Intermediate settion (siv l igiire 3). 
Oil the threads of four (4| of the draw rods 
(fi/H** X II") and slip them through the lugs on 
the (<»t> and sides of eac h mh tion. Place a washer 
(only one washer per ilraw rod) under each 
nut whiih is to he tightened, with a drop ol oil 
betwreii washer and nut. 

b. Starting with the draw rods nearest the port 
openings, diaw the sivlions together nnifoimly 
until (he mtial around (he ports toia h and (he 
pads at the cipposite corners touch. When prop 
erly pulled !i»gelher the gap aunmd the port 
openings should be less than 0.0.32". ( heck 
with a feeler gauge. 




>iCTKf| 


1- .][ 

: i ii.j 

• • I 


ALioNxcftf me 
sncsCT 


if 
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• 1 

TOIMIC CUT 

1 ^ 1 

l) 

i! 

r 1 
1 

SliU. 

: 

1 

• 


i 

1 

1 

1 

1 

1 

i 
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FIGURE 3 


e. Do not **l ;u k off" the draw roil nuU. 

7. .Si‘t the reimdnitig boiler si*ctions Into position with 
the "'l l" sevtions placed (If usi*d ) in the proper order 
given in the Seiiion Arrangement 'fidile. ('heck the 
asbestos roj>e seal of each section before procei'diiig 
to the next sc'Ction, tlie boiler must be sealed gas-tight. 



I Ise of chemical cleaners or seal 


ants in any WVil Mclailn boiler Is not reciTinmend 
ed IN PAUTK'ULAK. PIIODUC TS CON TAIN1N('. PE^ 
TUOLKUM DISTILLATKS MUST NKVKK BE USED 
IN TYPE 7ti BOILKllSI 


8. l''oar 1/2" x 4 1/4" stuiis are provided to secure 
th.e Buiner Moiinliiig Plate to the front sedition (see 
Figure 4 ). 

a. Thread (wo 1/2" r.nis on the rounded end of a 
1/2” X 4 I I" stud locking them together, and 
thread (he Mat end of (he stud into one of (he 
lour lappetl holes hs ated around (he tbirner 
Miumting li.ile opening in the front seiiioii. 
li. Kiinovi (he nuts (rom the stud, 

c. Kipeat sirp.s ”a" and ”b" lor the remaining three 
studs. 

<1. Hang one Kefractoiy Itetainer (stainless steel 
plate ) o\ ei e.n h mounting sInd. 

0 Using Asbesb .s Mope Atlhesb e in the groove around 
the liurnei .Mounting Plate opening in (lie h out seition. 
posita»n the 3/8" liiaineter by r>8" hmg rope in the 
gioove making sine (he ends overlap, and install the 
Buinet Mounting Plate using the 1/2" wuishers and nuts 
provided. Make sate lInriuT Plate i.s Installed witli (he 
lound si*condary air opeiimg to the lell (sty f igure 4). 

in I '?«ing A*-bestoH Mope Adhesive, position the ?/4" 
diamelei by 12" long /Vsliestos Uo|k* in the sealing 
gioove making sine (be eniH overlap at least 1". In 
stall (lie front < tbsi r\ iition Port /Vssembly using the 
number IU 12 x 1" liuss bead .screws as illustrated 
in f igure 4 
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2. Make a dmatl continuouH bead of "Ashesilofl Kope 
AdheBive* in the bottom of the curved dealing grooves 
located around the perimeter of the section. Sinootli 
out the adhesive using the brush provided. 

3. Position the 3/8** by 98** long Bsbe.sto8 rope on the 
section by starting ul the cleanout ojHfning (See h'igure 
2). Be sure the asbestos rc^pe Is well seated at ail points 
in the sealing grooves so that a gas light seal will be 
maintained between U>e sections. DO NOT APPLY ad- 
hesive to tiie opposing sealing grooves of the next 
boiler section. 

4. Wipe ti)c port openings with a clean rag to remove 
any grit from the machined surfaces. !)<i not use any 
deuiUT (hat contains a petroleum base distillate (oil) 
to dean ports. Ilace the nominal 7-1/2” and nominal 
3-1/2" dastonuT sealing rings in the appropriute port 
o|>cnings (see Figure 2). 



jjM.twrt r 

tl.A‘jlOML a u A1 INO 
NINO 


FIGURE 2 

5. Prepare the port openings in an intermediaU* sw- 
tion. 'I'he Intermediate sccli(»ns (if used) must !)e 

installed in the order given In ))ie Sintion Anangeinenl 
'I cihle With In. ffLVt Water Heaters. Note that 1 8" clear- 
ance must he provided on the left side for heater in- 
stallation. 

(>. Di.sciird the 3/8” diameter rods whic'h are re(piired 
only during shipment; these rocis imi.st not be used to 
draw the sections together. 

a. Pt).sitioii (lie intermediate sivtitin (siv 1‘igure 3). 
Oil (lie threads of four (4) of the draw rods 
(5/8" X 9") and slip lliem through the lugs on 
the lop and sides of each sta tion. Place a wasliei 
(t)nl3' one washer per draw rod) under eadi 
nut which is to be lightened, with a drop oJ oil 
betwivn washer and nut. 

b. Starting with the draw rods nearest the port 
openings, draw the sivlions together uniformly 
unli) the metal around (he ports toiah and the 
}iads ul (he opposite corners touch. U'hen piaip 
erly pulled *.(»gelher (he gap around (lie port 
openings slumld l>e less tlmn 0.032". Clurk 
with u feeler gauge. 
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FIGURE 3 


e. Do not "l.ack off" the draw ro<l nuts. 

7. Si‘l (he remaining boiler sec^tions into position with 
(he **31" Siilions placed (if ustnl) in the proper order 
given in the Stviion Arrangement 'J'able. ('Iieck the 
a.sl)es(os rope seal of each section before proeexHiing 
to the next scxrlion, (he boUer must be sealed gas-tight. 




Use of eliemical cleaners or seal- 


ants in any UVil McLain boiler is not recommend- 
ed. IN PAUTICUI.AIL PHOOUCTS CONTAINING 
TUOLKUM DISTILLATES MUST NEVER BE USED 
IN TYPE 70 BOILERSI 


8. Four 1/2" X 4 1/4" studs are provided to sttiiire 
tlie Burner Mounting Plate to the front stx:tion (sex? 
Figure 4 ). 

a. 3'hread two 1/2" nui.s on the rounded end of a 
1/2" X 4 1/1" stud locking them together, and 
threatl (he flat end of (he stmt into one of the 
fiiur tapped lioles located around (he tiurncr 
Mounting Plate opening in the front section. 

h. Remove the mils from (he stud. 

c. Repeat steps "a" ami *'b" lor the remaining three 
studs. 

d. Hang one Refruitory Retainer (stainless steel 
plate )<»vei each mounting stud. 

0. Using Asbesli s Rope A<lh<‘si\’e in (he groove around 
the BurniM Mourning Plate opening in the front sevtion, 
position (he 3/8 * diameter l)y 58" long rope in the 
groove making sure (he ends overlap, and install (he 
Burm*i Mounting Plate using the 1/2" washers and mds 
|)rovide<l. Make sure Burner Plate is installed with the 
round secof alary air ojuiung to the left (sex? I’igure 4). 

10. Using Asb<‘st(iS Rope Adhesive, position the 1/4" 
djaiiK’tei l>y 12" long Asbe.s'os Rope u\ the sealing 
gnxu'e making sute (he ends ov'erlap at lea.st I", lie 
stall the front ( il»servati<in INirt Asseml>ly using (he 
mimher 10 32 x I" 'truss head .sereves as illustrated 

in h'igure 4. 


SiaiON ARRANOEMENT TABLE WITH INOIREO WATER HEATERS 


a 


MAXIMUM NO 
Of NIAIftS 



476W & S 


S76W & S 


676W & S 


776W & S 


876W & S 


976W & S 



SCCnON ASSlMtlY 

AU HIATItS MUST 6i ON liM SIOI Of SOIlll 

r.TMB 

F Thl.TI 0 
F TI I TI I B 


i. ^ 



F TI 


F TM TI I I.TI-B 


F.TI I.TI H 


F - FrofU Section. B ■ Back Section; I - lnle» ’ (^.late Section, Tl • Intermediate Section with Tankless 
Heater Opening 

•A Tl section can be located in this position instead ol regular intermediate section, but installer must cut 
jacket Side panel to accomniuJatc heater opening - no knockout is provided 


11. If the boiler was ordered >vith "TT intermediate 
secUonts), install the indirect water hcHter(s) or heater 
opening cover platefs) using the gasket(s), 3/8** - 16 
X 3/4" Ilex Head Screws and washers as shown in 
Figure 4. If the water heater piping is installed as 
shown in Figure xx, the jacket can be erected either 
before or after the piping. 

12. Using Asbestos Hope Adhesive, position the 3/8" 
X 26" long Asbestos Hope around the inside perimeter 
of the cleanout plates. Mount the cleanout plates over 
the openings as shown in Figure 4. 

13. Using Asbestos Hope Adhesive, position the 3/8" 
diamHer by 42" long asbestos ro|)e in the groove on 
the Draft Hood C'ollar making sure the ends of the 
rope overlap at least 1". 

14. Secure the Draft Hood (’oii.ir to the hack section 
using the 3/8" x 1" Hex Head (*ap Screws and Wash- 
ers as illustrated in Figure 4. 


HYDROSTATIC PRESSURE TEST OF BOILER 

1. secure a drain cock (not supplied) to the 3/4" 
drain tapping. 

2. Install a water pressure gauge in one of the boiler 
tajipings. 

3. Iinstall a bleed valve in boiler tapping K to vent 
air as the boiler Is filled. 

4. Hug all remaing boiler tappings. Hefer to the C*on- 
trol 1'upping Table. 

5. Fill the boiler with water and completely vent all 
air. lest the boiler with water pressure at 45 pounds 
per square inch. 

6. Thoroughly inspeil the entire holler for water leaks. 


7, Drain the boiler and remove plugs from those tap- 
pings which will be used, liefer to the Control Tupping 
fable. 


SUPPLY AND RETURN PIPING 

It is recommended that the system supply and return 
piping be installed and the piping connections attached 
to the boiler before erecting the Jacket or installing 
the controls to avoid any possible damage to the Jacket 
or Controls, llecommended piping arrangements for 
No. 76 water and steam boilers arc shown in Figures 
5. fi and 7 and the ininiiiuim recommended pipe sizes 
are listed for each pi|)ing arrangement. The supply and 
return piping .vill not Interfere with the erection of the 
boiler jucket. 


WATER BOILER SUGGESTED 
PIPING CONNECTIONS 

I'hgure 5 and the accompanying chart show the rec- 
ommended piping conm*ctions and minimum recom- 
mended pijie sl/c*s h>r No. 76 water boilers. In most 
ca.Hes, It is advisable to pump water away from the boil- 
er by 1 ‘onruH.tiiig the supj>ly piping, as Illustrated in 
Figure 5, to the suclion or lidet side of the circulator. 

la sizing the sujtply and return piping, start with 
the ininimimi ri*i*oiiimendi^ pi|M* size and proc*eetl at 
full diameter for 10 times that diameter before making 
any reduction. An example of this would be a 3" rc'^ 
turn would not be reduced any chiser to the boiler 
return tapping lliaii 30". Horl/.onial expansion lank 
piping must pitch iijiward at least 1" for each 5 ft*el 
of juping lioin the boiler to the tank. Where system 
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I » roni Section 

? Reuiiljf intofmcrtMte S«?ftion 

3 Tniihless Intermediate Section 

4 ElatKScition 

5 Burner Mounting Plate 

G Asbestos Pope, 3/0^ Stranded 

7 fauKiess Heater 

8 T ankiess Heater Gasket 

9 Heater Cover Plate 


10 Cap Scre^. 3/8' - 16 » 3 4** 

1 I Drai^ Rod. 5 8" * 9** 

12 D'jll Mixtd Collar 
I J Cap Si tcvrf 3 M - 16 • 1“ 

14 Washer 3 H 

15 Cleanout hate 

16 Carnage Bolt 1/4- - 20 * 1 1 '2" 

17 Washer 1/4" 


18 Nut, He*. 1 4" - 2U 

19 Soew S tP Type E Pan Hd 

20 Ohseivation Pott Assembly 

21 Asbestos Rope. 1. 4** Stranded 

22 Stud lap Cnd. 1/2** * 4 1 A* 

23 Nut. Ie« 1 2" 

24 Retainer, Ftont Rehactory 

25 Washer. 1/2** 


trmperaluri* mmJulutimi is adncvi'tl by means ot tiuee- 
vLiiy valves, cure niuhl he exercised in piping; the Rystem 
to prutect Htc hniler from thermal shock \\hii l» could 
result from returning room temperature water at hi^*h 


\ ilorities to the hot hi»iler W'heie three way valve* are 
employed, ( onsidt Weil- Me I -iiin (’nslmner Sers ircs De^ 
paitment lor pipioK nH-ommeiidalions; primary* 
sittmdary pumpmEi is preleried. 
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1 KfOfU Soclion 

2 rU'gtjljr Intermediate Softion 

3 lanKIcss Iniermedtate Section 

4 BacK Section 

5 Burner Mounting Plate 

G Asbestos Rope, 3/8’* Stranded 

7 raiiKless Heater 

8 Tankless Heater Gasket 

9 Heater Cover Plate 


10 Cop Scretv, 3/8“ - 16 x 3/4“ 

11. Dra^ Rod. 5.8“ x 9" 

12 Dcjft Hixxj CoHar 
IJ Cap Sc rew 3 H“ - 16 x 1“ 

14 Washer. 3.. H“ 

15. Cleanout flate 

16. Carnage Boll, 1/4“ - 20 x M/2" 

17. Washer. 1/4" 


18. Nut, Hex. 1 '4“ - 20 

19 Suew. S IP Type F Pan Hd. 

20 Observolion Port Assembly 

21 Asbestos Rope. 1/4" Strartded 
22. Stud, Tap End, 1/2" x 41/4" 
23 Nut. Hex. 1/2" 

24. Retainer, Front Refractory 
25 Washer. 1/2" 


IcmjK’raluro modulation Is acfucvnd by moans ol lluct'- 
u'ity viilvis, care must l>e cxcrci.setl in piinn^j llu* sysloin 
to protect the boiler frt>m thiTnud shock whiiit ccmiM 
result from returninii room temperatme water at bi^b 


viTot ilies to the hut boiler. U'liere three way valves are 
eir.ployed, consiill VWil-Me I -;iin (‘usiomer Serx’ices Dc^- 
p;irlm(‘nt lor i>lpini^ rtH’omineiulatious; primary- 
scx’oudary i)mtij>mg is prelerred. 
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RECOMMENDED PIPING CONNECTIONS 
FOR WATER BOILERS 


Bv^TCm(^hcnt OP«jr) 




I HuUhfaciury u|mtuIIoii of any 
sicutn licutiiig huilcr dipcncU upon ailiKpintc return 
of condensate to the boiler to maintain a steady water 
level. In rambling buildings with extended system pip- 
Ing, nuisance shutdowns sometlnu*s result when the 
condensate returning from the system lags behind the 
evaporation capacity of the boiler. To maintain a 
steady water line, avoid the Introduction of excessive 
amounts of raw make-up water, and to prevent nulsanc*e 
shut-downs due to a temporary low water level, It Is 
recommended that a low water cutoff ond pump control, 
condensate receiver, and condensate boiler feed pump 
be Installed. Consult Well- Me Lain Customer Services 
Department for application Information. 


^ Ml 


FIGURE 5 

WATER BOILER PIPING 
RECOAAMENDED MINIMUM PIPE SIZES 

TABLE I 

FOB KNOWN FLOW RATES* 


WAIfR 
Flow SAfl 
OfM 


SUFFiy 
fiFi sai 

A 


iirutN 

FiFf sai 

s 


To9GPM 1 

r 

r 

10 • 

16 GPM 

HA- 


17 

21 GPM 

IVi** 

iw* 

22 

• 35 GPM 

2- 

2- 

36 

• 50 GPM 

2V^- 

2V5- 

SI 

. 76 GPM 

3- 

3- 


*Hiyh l«mp«rotw*a tffowQ^ bolUr ii ptrmtiiibU bo«l*r pipmn cqa* 

ntclioni or* iir*d wiiri 9 obov* Toblo L INIESMITTCNI How oI NiCH voloidiot 
moy damogc or«y boilof. 

TABLE II 

FOR UNKNOWN FLOW RATcS** 


lifUIN 
FIFI sai 

s 



SUFFIY 

SOUCI 

FIFE SSf 

NUMSII 

A 

4 /b and 576 

2 - 

676 and 776 

2V7- 

876 and 976 

3 - 


*AM piptrtg i.joi or* boiod upert 20 dog F lompoioluio riio tbfough iKo 
bedor For wto olHor lomporoiuto ruoi fbrowgit IK* boilor (i o KiyKor 
Hew loioft) dolofmmo tKo Hew role er^j uko Tubi* I lor ptpo itiot 


STEAM BOILER PIPING AND HEADERS 

Figures 6 and 7 and the accompanying chart show 
recommended piping coniux.ilons and minimum rctr- 
comnicnded pipe sizes fur No. 76 steam boilers. 1'he 
supply and return steam piping Is not supplied with 
No. 76 steam boilers but should be Installed as Ulus- 
Irated. Controls (safely valve, low water cut off. gauge 
glii«8, etc. I are not shown on the steam piping diagrnins 
in order to show more clearly the steam piping and 
Hartford l.oop. 


RECOMMENDED PIPING CONNECTIONS 
FOR STEAM BOILERS 


H 

TO 

SYSTEM 




3 1 5/8^ 
WATER 
LINE 


I r^ I I 


^S»iO«T 

I td\m^z 


riGune 6 




S1EAM BOILER PIPING 
476 «nd 576 


SYSTEM .cry * 


3 1 5 / 8 " 
WATER 
LINE 


FIGURE 7 


Cf rzcnsatc 
HCTUIvN 


STEAM BOILER PIPING 
676 Ihrougli 976 


STEAM BOILER PIPING 
MINIMUM RECOAAMENDED PIPE SIZES 

lw«f I 

F»^« !««• 


N« 

SwiUr 

6 

4/b 

6 

57b 

7 

b76 

7 

7 76 

7 

876 

7 

9/6 


H 

1 

y 


3- 

IVi" 

4- 

IV5- 

4- 

ivr 

4- 

2- 

4- 

2- 


*24” wai««lirM «• K*oJ*r 
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RECOAAMENDED PIPING CONNEaiONS 
FOR WATER BOILERS 



FIGURE S 


WATER BOILER PIPING 
RECOMMENDED MINIMUM PIPE SIZES 


TABLE I 

FOR KNOWN FLOW RATES* 


WATBI 

Bumv 

BiTUtN 

now tAii 

w tat 

Fwi tat 

OfM 

A 

• 

To9GPM 

r 

r 

10 * 16 GPM 

1%** 


17 • 21 GPM 


w 

22 36 GPM 

2" 

2- 

36 * so GPM 


2W 

51 * 76 GPM 

3“ 

3- 


tomporotuf« throy 0 H bollor «i pormissibU wKon botUr piplny eon- 
noelions or# sUo^ vslny obovo Toblo L INICRMITTRNI flow ot HIGH uolocitioi 
moy ^omoQt ony boiltt. 


TABII tl 

FOR UNKNOWN FLOW RATCIS** 



SUFFiV 

•BTUIN 

•OgCi 

Fin tat 

Fin sat 

NUMBIR 

A 

B 

4 7fo and 576 

2- 

2- 

676 and 776 

2VV 

2\r 

876 and 976 

3" 

y 


‘*Alt piping liaoi or* bosod upon 20 dog F tomporotuio nso through Iho 
boilor. For wso of olhor lomporoiuio nsoi through tho boilor (i.o. highor 
How foioi) doiorniino tho How rolo ond uso Tublo 1 for pipo silot. 


STEAM BOILER PIPING AND HEADERS 

Klipircs 6 and 7 and the accompanyinK cliurt show 
rccumnit'ndcd piping coniu<ctioiu and niiniinum rix;- 
comnicndcd pipe elzea fur No. 76 sleuin hollers. 'Hie 
supply and return steam piping is not supplied with 
No. 76 steam boilers but sitould be installed us illus- 
trated. ('ontrols (safety vulve, low water cut off, gauge 
glass, etc. ) are not shown on the steam piping diagrams 
in order to sliow more clearly the steam piping and 
flurtford Loup. 


'fhe sullsfacl 4 try o|MTtttlon of any 
steam healing boiler depends u|H>n adequate return 
of condensate to the boiler to tnulnluin a steady water 
level. In rambling buildings with extended system pip- 
ing. nuisance shutdowns sometimes result when the 
condensate returning from the eystem lags behind the 
evaporation capacity of Uie boiler. To moinlaln a 
steady woter line, avoid Ihe Introducthm of excessive 
amounts of raw make-up water, and to prevent nuisance 
shut-downs due to a temporary low water level, U Is 
recommended that a low woler aitoff and pump control, 
condensate receiver, and condensate boiler feed pump 
be Installed. Consult Wcll-McLaIn Customer Services 
Department fur application infurmatioa 


RECOMMENDED PIPING CONNECTIONS 
FOR STEAM BOILERS 
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STEAM BOILER PIPING 
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STEAM BOILER FIRING 
MINIMUM RECOMMENDED RIFE SIZES 
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AHACHING THE JACKET 

The boiler ahould be presiuie tehted before thojneket 
is erected. Follow the Jacket Krecting Instructions pack- 
ed ill the Jacket carton which containa the Front and 
Hack Jacket I'anels for Jacket instaliation procedures. 


TANKLESS HEATER HOOK UP 

Where the boiler was ordered with (a) tankless 
hcater(s) it is recommended that the piping to and 
from the heater be sir.ed no smaller than the heater 
Inlet and outlet piping connections. 'I'he tankless heater 
piping should he installed as illusfuted in Figure 8. 
It is recommended that a Flow Regulating Valve he 
installed in the cold water supply piping to each heater. 
F^ch Flow Regulating Valve should he sized according 
tit the intermittent draw rating of each tankless healer. 
Do not pipe multiple indirect water heaters in series. 
An Automatic \tixing V^dve may he installed in the 
domestic hot water supply piping from the heater(s) to 
permit regulation of tlie domestii hot water temperature. 
Install the operating control in the control tapping in 
the heater plate. In hard water arca.H. it is advisahie to 
soften the cold water to the iieater(s). 
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alTIRNATL 
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or« to l>o npplitii itwili ui <i pitmoti^ le«> ootor cut oil one o lopotoio lo«» 
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lu«* wUl«f cut oil OpOlUlitty loirvl 


the control in accordance with the CopinJ Tapping 
'lulile using tittings (not furnished). If a low water 
cut off is to be used that is not dimensionally diagruin- 
nied in I'igure R, locate the cast-on body murk of the 
control 2 " below the normal water line. 

5. Install llie (liuige (tlass Cocks, Water flange Glass 
Guards in ticcordance with tlie Contr(»l 'l apping Table. 

(i. Install the Meam IVe.ssure Operating and I’ressure 
Limit (’ontidls and the Pressure Gauge in the proper 
tapping as indicated in the ('ontrol Tupping 'ruble 
ii.sing the hgtail .Syphon and Httings furnished us U- 
liifarated in l*'igure 10. 

7 Install liny iulditional or optional steam holler 
coiitiols at cot (ling to the component inanufaciurer's 
iiisii uctioio fiirmshed with the coiitrtil. 


INSTALL BOILER CONTROLS 

Sicam Boiler: 

1 Iiisttill the Steam Siifety \'alve in llie proper lapping 
an mdiLalcd in llie ( tfiitrol I tipping I'ahlc. I lu‘ nafciy 
valve millet should he piped to a lloor diain oi near 
to the floor Do not pipe the h.iMv valve di.Htharge to 
tiny iiren where fiee/iiig teiiiperatmes coiihl otiur 

2 A hiw water eulolf miml ht* initialled on this holler 
t(» meet AsMF, ctale i etpiiremeiils. 

.*l W'here an optiohiil 1/2** low wiiler c ut oft i% em- 
ployed. install the cmilrol in llit* gauge glass lappiiigii 
I using the tpiick coniMrtions furnished w illi the low 
wMler cut (itfl in accordance witli the (dntnd l apping 
I able 


» nf ‘ 

«.AI K,i 


\ 
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tONlR(JL 
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I KHt^V 
. 1 NiMPl.E 
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4. Wheie an optiomil 1** low water t*ul off. ( tnnhiiia- 
tion low water cut ttif and lc‘i«h i. or eoiiitiimition low 
water cul-olf and pump coiitit ' is employed, install 


FIGURE lU 
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V Wotor BoiUr: 

1. Instiill . Pmiure Relkf V^iive In the pru|>cr Inp 
pli|{ at In' xated In the Control Tapping 'lablr. 11ie 
rtllo< v^.2ve outlet thoald be piped to a flour drain 
or near to the flcor. Do not pl|>e the relief valve dit- 
charge to any area where freesing temperaluret could 
occur. 

2. Inttoil the PreMure^ Temperature Gauge at Indicated 
In the Control Tapping Table. 

3. \Miere an optional 1** low water cut-off It employed, 
Inttall the control In accordance with the Control 
Topping Table uting tiie flltlngt (not furnlthed) at II- 
luttrated In Figure 9. If a low woter ait-off It to be 
uttcd that It not dimentlonally diagrummed In Figure 
9 refer to the teparate inunufacturer't Inatnictiont for 
locating the control. 

4. Inttall the Combination IJmlt Control at indicated 
In the Control Tapping Table. 

5. Inttall any additional Limit ('ontrolii In the proper 
lapplngt at Indicated In the C'ontrol Tapping Table. 

6. Inttall any additional or optional water boiler con- 
trol t aci'ording to the component manufacturer*! In- 
tlrucliont furnlthed with the control. 

, breeching EReCTION 

^ (also refer to Chimney) 

Long horizontal breechingt, excettive numbert of 
elbowt or ieet or other obstrucliont which are restrictive 
to the flow of combuttion gates thould be avoided. 

Fit a piece ol full tized heavy gauge stei^l breech- 
ing (tame diameter at Draft Hood Collar) over the 
[ Draft Hood Collar and connect to chimney. 

BURNER INSTALLATION 

Carefully unpack the burner from its shipping ctm- 
tainer and ciiei*k the mntentt. In cute of tluirtiige or 
dumuge, notify tlie trantportatioii company immedi- 
ately. rhe envelope of papers enclosed with the burner 
if to be uti^, preserved, und turnetl over to the jwner 
nnd/or the owner's ri*|>rc*sent4itive. 

Secnire the liurncr Mounting Flange to the liurner 
Mounting Hale using the btdts proviili*d until ii rigul 
Installation Is acx'omplished. A gas-tight teal muti be 
maintained hetwevn the burner mounting flange and 
the burner naiunllng plate or damage to the burner 
air lube will retult. 

WIRING THE BOILER 

All wiring should be InstHllcHl In compliance with the 
nilft of the Nalioiud Ueiirieul Code, for liuilallutioii 
in the ll.S.A. or Cuiiadiiin Kleilriciil Code C22.2 Tut I I 
^ for Canadian inslalluliont, und any lt>ca|, state, or In- 

turancT ret|utrfinciits or codes luivltig )urlMlkilon. Op- 
erating and safety circuit wiring may be No. 14 gauge 
wire. Power supply wiring to tiu* burner shall be No. 
I 14 gauge or heavier, at required, und shall have a 


L. 


properly sized fused ditconiH*rt switch. Where the burner |f 
motor electrical current requirements or? for tome other 
vtdtage than the control eleilrirni nirrent ****qulremenlt, 
core mutt be taken to bt» sure the proper /oltage It 
tupplic*d to the eonirolt, the burner motor, and any 
auxiliary equipment. 

FUEL LINE PIPING 

Refer to the tc|mrute liurner Installation and Service 
Manual and any ItKal or national code requirements 
which may apply to sizing and Installing the fuel line 
piping ond fuel tank. 

BOILER MUST BE GAS-TIGHT 

For proper combustion efneiemy and for safety, bo 
sure the boiler it seu!i*d gut light. Correci any areas 
that are not gas light by wiping the outer surface of 
the H*;hcstot ru|H* with atbc^slos tliorit clttolved in 
water glass. 

BURNER ADJUSTMENT 

Start |tie burner and adjust the air band trt that a 
clean yellow oil burner flume with slightly smoky lips 
a clean gut flan e with slightly yellow lips it et- 
tubllshcd. Cte combustion test Instruments for final 
adjustmert of the !>urner flame. A smoke reading of a 
trace to No. 1 ',t\ the Shell Ituiharach scale It recom- 
mended with 1 1-1/2 percent to 12-1/2 percent COi for 
No. 2 fuel oil. A COj reading of 9 to 10 percent it 
rivommended for natural gat. A CO test thould be 
taken to assure that CO does not exceed .04 percent In 
the flue gases. 

BAROMETRIC DAMPER ADJUSTMENT 

W^en the burner It adjusted to the above combustion 
conditions, adjust the Haroimiric Draft Control to prtT- 
vlilc -0.02 liK'hes of draft overfire (below atmoapherlc 
pressure f. 

CZmilZE ^ clean the new STEAM BOILER 

New steam boiliTs must be cleaned pro|H*rly prevhuiH 
t«i or during the I'lrst lew duvs of o|MTiition. Follow 
the cleaning recomMicndations lisletl on the tiperiiling 
Instruclions. Do nut use chemical cleaners in this boiler! 

ADDITIONAL INSTRUCTIONS 

llcfore leaving the Job. make sure the iiaM rhciks 
rledrUnlly and imike sure the pro|HT inaln burner 
flame is scoire«l. He sure the room lliermostal or op- 
elating toiilrol is adjusted to provide the desired room 
tem|H*ruture. 

BOILER SERVICE AND MAINTENANCE 

1*he Soilrr 0|>eralliig Inslnictlons conlain liiformallon 
for Hie ow'fier; re\ lew Hits Inforniullon with the owner 
iiiid/or the owner's representative mid be sure he re- 
ceives all InsIriK lions. 
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T?i«* N»». 7i» U«iilrr lifm n whMt Ii4irk«nl 
nihilMiMlNiii nii«ft WMl^r rirriilfiliiiK 

n iiriMMNl iIm* lirrlMit. *riu* i rnwii 
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nilMiier priiiii* miifiu'v for 

lirnl liHimfrr. 

Ill iiilililiiiit III t«irKi*r hiMliiix MiirfiM*!*, 
IlvdmAValt mImi ihtiiiiU 

lowrr liriishl, ImmI lhfini|{li 

(III* ImiMimii Ilf (111* Iwiilrr, i*liiiiiiin!c.<4 (Ik* 
iKntI for II rrfriic'lory ronitiiiMl ioit i IiiiiiiIh***, 
■ml |K*riiiil»» iiiAtitlliilioM mi miv ll«Mir. 
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KriHiml; (In* loii^li oiili*r nkiit in n*(iiiii«il 
III iirolcM'l tiKiiMi»*i t'oinmion. Tlir 7(i lioil«*r 
M MriiliHl willi ■ulimlfiii ro|N*. 
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'Hii* No. 76 c«n Ihi cIkaiivH from lliu loii of Mit 
IhiiIi r liy irmovinic (lie (oii jm*kv( |>ftii«lfi. 'rhe mIitI 
ckwiKiiil iiIntcA Mrr iN.*iilcd with ■•li«»iloii roiNr mimI 


iv 


ckwiKiiil iiIntcA Mrr iwMlcd with ■•li«»iloii ro|Nr mimI 
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ATTENTION HEATING CONTRACTOR: This warranty is for the building owner and should b 
given to him or placed in sight near the boiler. 


A Division of Wylain, Inc 


Michigan City, Indiana 46360 


Limited Warranty 


IMPLIED WARRANTIES FOR PARTICUUR PUR- 
POSE AND MERCMANTABIIITY SHALL BE LIMITED 
TO THE DURATION OF THE EXPRESS WARRANTY. 
MANUFACTURER EXPRESSLY DISCLAIAAS AND 
EXCLUDES ANY LIABILITY FOR CONSEQUENTIAL 
OR INCIDENTAL DAA^GES FOR BREACH OF 
ANY EXPRESS OR IMPLIED WARRANTY. 


Weil-McLoin warrants that its cast iron boilers 
are free from defects in materials and workman- 
ship for one yeor after installation only, and only 
to the extent of furnishing new parts for any 
found to be defective in manufacture. 

This warranty does not cover: 

1. Components that are port of the heating 
system but were not furnished by Weil- 
McLcin as a part of the product. 

2. The workmanship of any installer of Weil- 
McLain cast iron boilers. In addition, this 
warranty does no2 assume any liability of 
any nature for unsatisfactory performance 
caused by improper installation. The boiler 
must have been installed by a heating con- 
tractor whose principol occupation is the sale 
and installation of plumbing, heating and/or 
air conditioning equipment. 

3. Any costs for labor for removal and re- 
installation of the olleged defective port, 
transportation to Weil-McLoin if necessary, 
and any other materials necessary to per- 
form the exchange. 

4. Improper burner adjustments, control set- 
tings, care, or maintenance. Information is 
included In the Installation Instructions, Start- 
Up, Service and Maintenance Instructions, 
and other printed technical material fur- 
nished by Weil-McLain with the boiler. 

This warranty does not extend to anyone ex- 
cept the first purchaser at retail, and only when 
the boiler is in the original installation site. 


Some states do not ollow the exclusion of limita- 
tion of incidental or consequential damages, so 
the above limitations may not apply to you. 

For prompt worranty service, notify the in- 
staller who, in turn, will notify the Weil-McLain 
distributor from whom he purchased the boiler. 
If this action does not result in warranty service, 
contact Weil-McLain Customer Services Depart- 
ment, Blaine Street, Michigan City, Indiana 46360 
with details in support of the warranty claim. 
Alleged defective port or parts must be returned 
through trade channels in accordance with the 
Weil-McLain procedure currently in force for 
handling returned goods for the purpose of in- 
spection to determine cause of failure. Weil- 
McLain will furnish the new part(s) to on author- 
ised Weil-McLain distributor who, in turn, will 
furnish the part(s) to the heating contractor who 
installed the boile.'. If you have any questions 
about the coverage of this warranty, contact 
Weil-McLain at the address below. 

This warranty gives you specific legal rights, 
and you may also liove other rights which vary 
from stote to state. 




A Division o^ Wylain, Inc. 
Cuttomer Services Department 
Blaine Street 

Michigan City, Indiana 46360 
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PLEASE HANG THIS CARO NEAR THE BOILER 


OPERATING INSTRUCTIONS 

for 

WEIL-McLAIN 

OIL, GAS OR GAS/OIL BOILER 


Mr. Boilor Ownor: 

Bolow, tho procoduro it outlined for itorting your Weil-McLoin Boiler including inttruclions for the care of your 
heoting tyttem. 

All mechonicol equipment needt occotionol attention. Your boiler and burner should be inspected, cleoned ond if neces- 
tory, odiusted once o yeor. vVe recommend that you utiliie o quolified tervicemon who hos been troined for the job 
ond will hove tite necettory Instrumentt to chech your boiler. This will assure you that the operotion of your heoting 
system will remoin highly efficient. Your Weil-Mcloin boiler will give you a lifetime of heoting comfort, if you follow 
the few simple suggestions listed on this cord. 


FILLING STEAM AND WATER BOILERS 


Do not fill the boiler (except for leakage tests) until the 
boiler is reody to be fired. CAUTION: Do not odd lorge 
quontities of cold feed woter to ony hot boilerl 
Steam Systems: The boiler should be filled to the nor* 
mo! woter line ond fired tor obout 15 minutes of a low 
rate suffcient to keep the boiler at steoming tempera* 
ture with the steam vented to drive off dissolved gases 
(olso see Skimming Steom Boilers). 

Woter Systems: The boiler ond the entire system should 
be filled to about 12 pounds per squore inch and heat- 
ed to apprOKimately 210 F for obout 15 minutes to 
drive off dissolved goses. Before filling the system, moke 
sure oil the system air vents ore closed. Open the hand 
water feed volve ond b'.‘ginning on the lower floor. 
Open the oir vents (one ot o time) until water storts to 
flow; then, close the vent. Repeat this throughout the 
building until oil heot distributing units ore filled with 
water. Close the hand water feed volve when the cor* 


reef boiler pressure is reoched. After the system is in 
operation, keep the system filled with water by oc* 
cosionolly opening the oir vents allowing any en* 
trapped oir to escape and adding enough moke up 
woter to maintain the correct system pressure, tf your 
system is provided with o purge volve located in the 
system return piping, connect o garden hose to the 
droin volve locoted above the purge volve. Close the 
purge valve ond open the hood water feed volve ond 
allow the system to purge oil oir. Where the system 
hos more than one circuit, purge each circuit seporotely 
by opening each bolonciog volve one at a time. When 
the system is purged of oil oir, close the droin cock 
located above the purge volve ond open the purge 
volve. Fill the boiler ond the entire system to the cor* 
reel pressure. Air in the system con interfere with cir* 
culotion of water and prevent the heat distributing 
units from properly heating. 


IMPORTANT: CHECK BEFORE STARTING THE UNIT 


Moke sure the boiler heoting surfoces hove been 
cleaned ond thot the boiler is filled to the correct woter 
level or pressure. It is recommended thot your burner 
servicemon be colled to service your burner and check 
the following points: 

1. Cleon the fuel strainer, where used. 

2. II there is a filter in the fuel oil line, clean it and 
change the cartridge. 


3. Cleon oil lint ond dust out of the fon ond blower 
housing. 

4. Check the ignition electrodes ond clean or replace 
the nozile where used. 

5. Oil the burner motor with detergent free outomo* 
bile engine oil. 

6. Rotate the blower wheel by hand to moke certoin- 
it turns free. 


TO START 

CAUTION: Do not start the burner wnen the lireboM is 

hot or when fuel vapor is present in the boiler. Do not 

operole the Fuel Oil Pump for more then 2 minutes with* 

out fuel oil. 

1. Moke sure all fuel volves ore open. 

2. For one-pipe fuel oil piping systems, bleed the oir 
out of the piping by opening the unused intake port 
on the Fuel Oil Pump and wolling for the oil to flow. 

For two-pipe fuel oil piping systems, air is outo* 
moticolly bled from the system piping. 

3. With the moin electric switch in the burner electri- 
cal circuit in the off position, set the thermostot or 

IF BURNER FAILS TO START, 

1 . Check for loose connections ond blown fuses. 

2. Moke sure the thermostot temperature setting is 
above the ;oom temperature. 

3. Be sure oH fuel volves ore open. 

4. Be sure there is sufficient fuel oil in the tonk to 
supply the burner. 


HE UNIT 

operoting control at o point which will stort the 
burner, 

4. Push the safety reset lever on the burner primary 
control and release, 

5. Turn the main electric switch to the on position. If 
the burner does not start instantly, turn the main 
electric switch bock to the off position and refer to 
the following section titled If Burner Foils To Stort. 

6. If the burner storts to operate norrnolly. leove the 
moin electric switch on and reset the thermostat or 
operating control to desired position. 

CHECK THE FOLLOWING 

5. Reset burner primary control by pushing the safety 
reset lever and releasing. 

6. Posh reset button on the burner motor. 

7. If the burner does not start offer observing the 
above chocks, coll your servicemon. 
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SKIMMING STEAM BOILERS 


All new boilers and steam and water piping contain 
oil, greose, chips, and other foreign matter. It is essen- 
j tiol to clean new heating systems to remove these 
muteriols in order to ovoid overheating of boiler metal, 
foaming and priming, and high maintenance costs on 
strainers, traps, ond vents. The boiler installer should 
use the following procedure to clean oil, greose, ond 
other impurities from the new boiler: 

1. Close the valves in the building steam supply 
main(s). 

2. Provide a 1*4” to 2 Vi” shim line, with valve, from 
the boiler skim tapping and run this line to a con- 
venient floor drain. 

3. Fire the boiler at a low rote sufficient to keep the 
boiler at steaming temperature ollowing the steom, 
olong with entrained water and impurities, to dis- 
charge through the skim piping to the drain. 

4 . Feed the water to the boiler as required to mointain 
proper water level in the gouge glass. It may be 
necessary to cycle the burner to prevent a rise in 
steam pressure above several pounds. 

5. Continue the boiling and skimming process for ot 
least two hours or until the water leaving the skim 
line is clear of all grease, oil and impurities. On 


unusual jobs, the skimming procedure may require 
repeating one or more times. 

CAUTION THE USE OF CHEMICAL CLEANERS IS 
NOT RECOMMENDED! 

6. Dram boiler ond, while boiler is worm but NOT 
HOT, remove safety valve ond insert a hose noizle 
into the opening. Flush all interior surfaces of the 
boiler with water under full pressure until all traces 
of dirt and impurities are removed and the drain 
water runs cleor. 

7. Repl'ice safety valve; close drain cock; fill with fresh 
, woter to the woter-line. Start burner ond steam for 

15 minutes to remove alt dissolved gases; stop 
burner. 

8. Drain boiler sufficiently to remove skim piping; plug 
skim tapping; refill boiler to waterline. 

9. To prevent the return of impurities to the boiler from 
new or old piping systems, waste all condensote for 
several days or until no impurities ore contoined in 
the conderiso*e. NOTE . IT IS IMPERATIVE THAT 
FEEDWATER BE SUPPLIED MAINTAIN THE COR- 
RECT WATER LEVEL AND THAT A LOW WATER CUT- 
OFF IS OPERATIVE! 




BOILER SERVICE AND MAINTENANCE 


Leaks in the boiler and piping system must be repaired 
at once. The use of mokeup water in large quantities 
is undesirable and may damage the boiler after on ex- 
tended period of time. If serious leaks occur, stop the 
burner and gradually reduce boiler pressure or tem- 
peroture. Do not attempt to make repairs while a 
steam boiler has pressure or hot water boiler tempera- 
tures are above 130'F. Petroleum based products 
should not be used for cleaning or sealing this boiler. 
Fooming or priming may occur in a steam boiler ond 
cause large quantities of water to pass out into the 
steam moin(s). It can be observed by violent fluctua- 
tions of water level, in the gauge gloss. This trouble 
moy be caused by dirt, oil, or precipitates in the boiler 
woter, too high a boiler water level, a high overload 
r^n the boiler (ie, the sudden release of boiler steom 
pressure into the mains by action of fast operoting 
valves), or the addition of too much boiler water treot- 
ment. With serious foaming or priming, stop the burner 
and decreose boiler lood. Then alternately blowdown 
ond slowly feed fresh water several times. If trouble 
persists, it may be necessory to skim the boiler one or 
more odditional times. 

Any problem in re^iard to large amaunts of makeup 


water, extreme foaming cr priming, scale in the boiler, 
or internal corrosion or pitting, should be referred to a 
compony specializing in boiler woter chemistry. DO 
NOT try "homemade cures” or boiler "potent medi- 
cines” on the market under various trade names, os 
serious darnoge to the boiler, personnel, and property 
moy result. 

Frequently check the boilc*’ v^ater level in the gauge 
glass of steom boilers, and .. iCck the boiler operating 
pressure of steam or woter ooilers. Test the low water 
cutoff by opening its blowdown valve to remove dirt, 
rust, ond sediment, and observe that burner stops os 
the water levei approaches the bottom of the water 
gouge glass (gauge gloss on steam boilers only). 

Refer to Woter Boiler Controls or Steam Boiler Controls 
for specific service requirements. 

Refer to Cleaning Boiler Heoting Surfaces for periodic 
cleaning of your boiler. 

On steam boilers, open boiler blowdown valve ond flush 
till clear while under steam pressure. On water boilers, 
open boiier dram cock to remove impurities thot have 
settled to the bottom of the boiler. Refill as required to 
the correct water line for steom boilers or the correct 
pressure for woter ooilers. 


SHUT DOWN OF BOILER 


DO NOT DRAIN BOIIER during periods of shutdown un- 
less heoting system is exposed to freezing tempera- 
tures 

1. Turn off the main electric switch. 

2. Close oil fuel valves in the fuel lines. 

3. Cover the burner to protect it from dust and damp, 
ness. 

^ 4 Open the boiler drain cock to remove impurities 

that may have settled to the bottom of the boiler; 
it may be necessory to droin one or two gallons of 
woter until all traces c' sediment arc gone Rcrill 
the boiler to the proper woter lc\cl or pressure (see 
Filling Heoting System). Boiler wcilcr does not have 
to be crystol clear for proper opeiolion, hut should 

In IfOp r MV '.l"it''io r\f . f . , i. ♦ 10*49 


5. During severe winter weather hove heating system 
operation ct»ecked periodically or thoroughly drain 
your heating system 

Where it becomes necessary to droin the heating system 
for an exter^ded period, follow items I, 2 ond 3 above. 
Then, deco all carbon, rust, and other deposits from the 
fire side of the boiler heating surfaces in order to protect 
the boiler from the corrosive oction of combustion de- 
posits (see Cleoning Boiler Heating Surfoces). Apply o 
thin coating of oil or grease if the boiler is to remain out 
of service for extended periods of time. If the woter side 
of the boiler must be cleaned or inspected, open the blow 
down valve and drain the boiler. 

Remove plugs from the boiler ond open the droin cock 
Hose the ii’Sidc of the boiler witfi high pressure woter to 
ft in wf* \l<i.li|i* tin(| <,(*dMrrnt lliisli ngain Dry ins'dcs of 


1 

I 

i 

1 

j 


3 








boilur thoroughly, or rolill with freth water and heat ta re- 
lease dissolved gases (see Filling Steam and Water Boil- 
ers). Repeoted draining and filling of the boiler and/or the 
heating system can lead to the same consequences as add 


ing too much makeup water — this is mainly true where 
the mokeup water is "hard" and the same precautions must 
be used as indicated in the third paragraph of this section. 


CLEANING BOILER HEATING (rire-side) SURFACES 


At the end of every heoting season, it is odvisoble to 
clean the Ouewoys in the boiler. Soot is on effective 
insulator and prevents the hot gases from heoting the 
boiler water as efficiently os possible. The frequency 
of cleoning will depend upon the fuel used, the burner 
adjustments, boiler temperoture. draff conditions, and 
other job factors. 


5. Replace the Ooewey opening cover(s) making sure 
the original gas-tight seal is maintained. 


Normally the boiler fluewoys will be cleaned as de- 
scribed below: 


Remove the flueway opening cover(s). 


2. Cover the burner and controls. 


3. Insert the wire flue brush supplied with the boiler 
into the fluewoys and thoroughly brush the flue- 
ways at all angles. 

A. Remove any soot or scale from the horizontol fluewoys, 
the boiler firebox and the base of the chimney using a 
vacuum cleaner or brush. Do not bnish or vacuum the 
firebox or combustion chamber area of those boilers 
using fiberous combustion chamber materiall 


Chemical odditives which con be procurred from most 
heating supply houses or from your fuel oil supplier 
can be effectively used to clean the boiler fluewoys; 
certain types of chemical additives can be added to the 
fuel oil while other types can be placed on the floor of 
the firebox. The use of stick type thermal bombs is not 
recommended. Consult your heating contractor or fuel 
oil supplier before using any chemicals in the boiler. 
The boiler fluewoys can also be cleaned by heating the 
boiler to 180 F.; then, removing the flueway opening 
cover(s). Use a garden sproyer or connect o spray noz- 
zle to a garden hose and spray the sooted fluewoys 
with a fine mist of woter; the soot will become loosened 
and fall to the floor of the firebox and around the hori- 
zontal fluewoys. Remove the loosened soot from the 
horizontal floewoys and from the floor of the firebox 
using a vacuum cleaner or brush except those boilers 
using fiberous combustion chamber material. 


BURNER ADJUSTMENT 


Refer to the burner manual for proper burner adjust- 
ment; your serviceman should properly use combus- 
tion test instruments for efficient operation. The flame 


must not strike (impinge) against any heating surfaces 
within the boiler firebox. 


WATER BOILER CONTROLS 


CIRCULATOR CARE: 

Never operate the circulator without water. 

A. Follow lubricc ting instructions on circulators that ore provided with oil cups or oil holes. 

B. Follow venting instructions on circulators with water lubricated beorings which require no oil. 


BOILER PRESSURE; The initial fill pressure of a hot woter system is generally to 12 pounds per square inch. When 
•he system is heated to the limit control setting, the pressure may range up to 30 pounds per square inch, Normol 
system pressure will fluctuate between the fill pressure, when the system is cold; and up to 20 to 28 pounds per 
square inch when the system is hot. 


BOILER WATER TEMPERATURE: Modern hot water heating systems with "closed'" type expansion tanks may operote 
at woter temperatures up to 250 F. Set the high limit control ot 220 F; during severe weather you may find 
this temperature setting needs to be raised or lovyered, depending upon the characteristics of your heating sys- 
tem. Those heating systems furnishing hot faucet woter must have a low limit control set at a temperature which 
will furnish an adequate supply of domestic hot water; set low limit control 20 F below high limit setting and 
use a 15 F differential setting. 


PRESSURE-TEMPERATURE-ALTITUDE GAUGE: This gauge indicates the boiler 
pressure in pounds per-square inch and In feet of water column (altitude) above 
the boiler by the moveoble hand. The fixed hand may be changed to indicate 
the proper position for the moveoble hand on manually filled hot water heoting 
systems. For those systems with outomolic fill valves, the fixed bond is usually 
left at the zero setting. The third hand ir'dicates the boiler woter temperature in 
degrees fahrenheit. 

FLOAT TYPE AIR VENT; If your system is provided with a Floot Type Air Vent(s) 
which automatically expells air from the heoting system, when the system is 
filled with woter. loosen cop (J) slowly so that particles of dirt or scole arc not 
deposited on the volve seat by the escoping air. Should dirt or srale lodge on 
the volve seot cousing it to leak, remove cup ond push the valve core (§) in by 
hand to permit woter to flush the valve scot cleon. Release the valve core quick- 
ly ond replace cap. For normol operation and venting, unscrew the cap at least 
two turns. 

WATER RELIEF VALVE: Check the relief valve ot least once a yror t»y pulling the 
handle and oHowing a smoU quantity of woter to flow Be sure the relief valve 
resects properly ond is entirely free from seepnqe. If the relief valve sticks or 
to hr* *1 •hrmlrl hr imin*'* )|. i |r>| . 
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COMPRESSION TANK: Compression tonk(s) ore employed with hot woter hoot* 
ing systems to accept the increosed woter volume which results from heating 
the system woter. The compression tonk on o closed hot woter heating system 
should provide adequate pressunxation under oil system operating conditions. 
Frequent opening of the pressure relief volvo con be the result of on under* 
sited compression tank becouse provision for the necessary expanded water 
volume has not been provided. Compression tanks may be of the open, closed 
or closed diaphragm type. 

Open Type Expansion Tank: Open type expansion tonks ore located above the 
highest heat distributing unit in the system usuolly in o closet or attic spoce and 
equipped with a gouge gloss and an overflow pipe to a drain. The open type 
exponsion tank and drain piping should not be locoled in ony area where 
freeiing temperotures could occur. 

Closed Type Expansion Tank: Closed type expansion tarks ore welded gas- 
tight ond are usually located just obove the boiler but moy be located at any 
point in the heating system. In order to utiliie the built-in air elimination system 
on certain boilers, the closed type «.ompression tank must be piped to the air 
elimination topping on the boiler. When the system is initiolly filled with woter, 
o cushion of oir trapped within the took and this air cushion is compressed 
to provide the initii I fill pressure. When the system is heated, the expansion of 
the system water fuither compresses the air cushion ond provides the odditionol 
spoce required for the odditionol water volume A rapid increase in boiler pres- 
sure with frequent opening of the pressure relief volve during worm-up of the 
boiler and heating system usually indicotes a **waterlogried" compression tank. 
Your servicemon should be called to coirect this corjdition by partially draining 
the compression tank to again establish on air cushion. 

Closed Diaphragm Type Compression Tank: Closed diaphragm type compres- 
sion tanks are welded gas-tight and o rubber diophroqrn is employed to sepa- 
rote the oir cushion from the system woter. The closed diaphrogm type expan- 
sion tonk may be located ot ony point within the heating system but is usually 
located as close to the boiler as possible. Where o closed diaphragm type ex- 
pansion tank is employed, on automatic air-eliminating device should be in- 
stalled in the oir eliminotion topping(s) on certain boilers to provide system air 
control. Before the initial fill of the heoting system, the closed diophragm type 
compression tonk should be charged with air (by meons of a tire pump) to a 
pressure equal to the initiol fill pressure; the tank pressure niay be checked by 
means of on oir pressure gouge As the system is filled, woter will not enter the 
tonk until the system pressure exceeds the tank chorge. When the system is 
heated, the expansion of the system water causes the diaphrogm to flex ond 
further compress the air cushion and odditionol space is provided for the oddi- 
tionol woter volume Since the system woter is separoted from the air cushion 
by means of the diaphrogm, absorption of the air cushion by the system water 
is eliminated. 

STEAM BOILER CONTROLS 

BOILER PRESSURE. Steom boiler pressures may range up to 15 psig moximum, 
but in normal service usually will not exceed 5 psig and may even operate 
under vacuum conditions ot certain times. 

The compound gouge used for steam boilers indicotes steam pressure »n 
pounds per square inch (psig) ond boiler vacuum in inches of mercury (hg). 
CLEANING LOW WATER CUT-OFF. Accumulated sediment in the low water cut- 
off should be flushed out through a blow off valve provided for this purpose at 
least once each month of heoting system operation. 

CLEANING THE GAUGE GLASS This may be done by closing the lower gauge 
gloss cock and carefully opening the petcock below the gloss to blow woter ond 
sediment out of the gauge gloss by steam pressure. Then slowly open the 
lower gauge gloss cock. oMowing a small amount of water to flush out through 
the open petcock. Close petccck ond fully open the lower gouge cock. The 
water level should immediotcly rise to its proper level If gauge gloss breaks, 
close off both gauge cocks and loosen glass retaining nuts to remove gouge 
gloss. Replace broken gouge gloss with new gouge glass made of heovy walled 
pyrex DO NOT USE THIN GLASS TUBING! 

CHECKING THE SAFETY VALVE. The sofety volve should open at 15 psig to pre- 
vent excessive boiler pressure Monuolly open the sofety valve once each year 
by pulling the valve lever or handle and allowing a small amount of steam to 
escape. This will help to ossure proper operotion of the sofety valve if boiler 
pressures reoch 15 psig Be sure thot the valve reseots properly ond does not 
leak steanr.. If the sofety volve sticks or opf^eors to be clogged it should be re- 
paired or reploced immediotely by your serviceman. 
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OIL BUKNER CERTIFICATE 

A¥ KKqUIKEI) BY COMMKKC'AI, STANDARD CS75-5* 


\ 


(Mtke) 


Oik Burner Model No Serial No installed at 


bears a label evideneini: conplience with commercial Standard CS75-66, and 

(Address of Installutionl 

has been installed in accordance with the instructions in the manufacturer's installation manual and in conformity with 
local regulations, codes, and ordinances. 


The boiler ( ), furnace \ ), is a 

heating load consists of : 


No. 


and the 


(Make) 

1 Btu, or sijuare feet steam ( ), hot water ( ) radiation; and 

2 Btu, or square feet of equivalent steam ( ), hot water ( ) radiotion in domestic hot water 

load; or 

3 Btu. or square inches of cross-sectional area of warm air supply pipes measured at the furnace 

take off; or 

4 Btu, or square feet of equivalent steam ( ), hot water ( ) radiation in the following special 

load: 


All necessary permits have been secured, and the installation has been tested in accordance with the test procedure of 
Commercial Standard 0875-56 and the following readings taken: 


Draft 


r Ovt-r Fire 

I At Breaching 

f Over Fira 'I 

-< y inches IDO. 

I At i5!iaching j 


Stack Temperatures at breeching *F 


Firing Rate gaUyhr 


All controls and limiting devices have been checked for proper operation.. 

Fuel used. Grade No of Commercial Standard CS12-48. 

Field service equipment smoke scale reading 

The above test results are certified to be true: 


For service call: 


(Name) 


Per . 


(Name of Company making installation) 


(Signature) 


( Address) 


(Telephone > 


(Address) 

(Telephone) 


N 


Date 


76 BOILER RATINGS AND DATA 


/ 


BOILER 

NUMBER* 

hBtR 

OIL FIRING 
RATE OPH 

GROSS 

l*»R 
OUTPUT 
BTU/Hr ♦ 

WATER 

NETPB:R 

OUTPUT 

BTU/ili* 

STEAM 

NEThBR 

OUTPUT 

BTU/Hr* 

NET 

SQUARE 

FEETI 

WATER 

NET 

SQUARE 

FEET 

STEAM 

DRAFT LOSS 
THRCUOH 
BOILER INCHES 
WATER COLUMN 

PB^R CHIMNEY 
SIZE HEIGHT 
INCHES FEET 

476 

2.35 

264,000 

229,600 

198.QOO 

1530 

825 

.01 

8k 12 

15 

^ 576 

2.95 

336 000 

292,200 

252.100 

1950 

1050 

.02 

8x12 

15 

676 

3.60 

408.000 

354i800 

aoeiloo 

2365 

1275 

!o3 

12k 12 

17 

776 

4.25 

480.000 

417,400 

360.100 

2785 

1500 

.04 

12k 12 

19 

876 

4.90 

552.000 

480,000 

414.100 

• 3200 

1725 

.05 

12 K 12 

21 

976 

5.55 

624.000 

542,600 

468.100 

3615 

1950 

.06 

12x 16 

24 


Add to boiltr numbtr **W** for water boiler without water heater, **WT** for water boiler with tankleti heater; *'WS** for water boiler with Horace 
heater. *'S" for tteam boiler and **ST*’ for iteam boiler with tankless heater. 

Ratings ate based on 10% C02l^ 0 2%l m the combustion gases 

Net l«B*R Ratings are based on net installed radiation ol sufficient quantity for the requuements of the building and nothing need be added for 
noimal piping and pick-up. Ratings are cooHHJted on a piping and pick up factor of 1.15 for water and 1.33 for steam. An additional allow- 
ance should be made for unusual piping and pick-up loads 
Based on an average water temperature of 170^F in the Heat Distribution Units 

76 BURNER DATA 


BOILER 

MODEL 

NO 

BURNER 

MODEL 

NO. 

BURNER 

SPEC. 

NO. 

NOZZLE 

SIZE ANGLE/TYPE 

AIR 

CONE 

I D. & TYPE 

BAFFLE 
PLATE 
0 D. 

ELECTRODE 

SUPPORT 

FLAMELOCK 
SETTING 
from FACE 
of AIR CONE 

476 

ER 

163-51 

? 25 80° Hollow 

3 1/4- 8 Vane 

None 

Stabilizer 

1/8'* Ahead 

- 476 

EH 

163-53 

2 25 80° Hollow 

3- 8 Vane 

3- 

Tripod 

1/8‘' Ahead 

-^76 

EH 

163-53 

3 00 80° Hollow 

3- 8 Vane 

3- 

Tripod 

1/4" Ahead 

■^676 

EH 

163-55 

3 50 80° Solid 

3 1/4- Taper 

2 1/2** 

Tripod 

1/4" Ahead 

776 

EH 

163-57 

4.00 80° Solid 

3 1/4- 8 Vane 

None 

Stabilizer (Reversed) 

3/16" Ahead 

876 

EH 

163-57 

5 00 70° Solid 

3 1/4- 8 Vane 

None 

Stabilizer (Reversr*u) 

3/16" Ahead 

976 

EH 

163-59 

5.50 70° PLP 

3 9/10- Taper 

2* 

Tripod 

1/4" Ahead 


All of the above capacities are based on operation at tea level, with 1 15/60 current. 3650 RPM 
motor ieHceptirsg Spec. No. 163-39A ER Burr»er - 1725 RPMI. 


EL^CTROOS SETTING 
FROM FACE OF NOZZLE 
ADAPTER 5/8“ 


FLAME LOCK 
SETTING 



Adjustments; 

The adjustments of the Flame Lock with the 
Air Cone could vary slightly depending upon 
the job conditions. 


' tot OMR 


NOZZLE AOAPIER. 

NOZZLE 


AIR CONE 




NOTE: Gun Assembly is fiie set at factory End 

of slot cover is set with arrow on decal »cAi* 
as shown 

On reinstalling gun assembly, slot cover 
to be set as shown 
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GENERAL REQUIREMENTS 


The fuel oil tank, fuel line piping, and power input wiring must be installed in accordance with the requirerrents 
of the National Board of Fire Underwriters*, Underwriters* Laboratories, and any additional national or local codes or 
requirements having jurisdiction This burner is listed for use with either No. 1 or No. 2 fuel oil by the Underwriters* 
Laboratories. Inc., the New York Boaid of Standards and Appeals, the State Fire Marshall of the Comrronwealth of 
Massachusettes. the Department of St&*e Police in Connecticut, and others. The burner ir. manufactured ir accordance 
with the National Bureau of Standards. Commercial Standard No. CS75 56. 


CHIMNEY REQUIREMENTS 

The natural draft chimney or vent must bo at least of the size indicated on Page 3 under the 76 Boiler Ratings and 
Data. Where the cross sectional area or height ot the natural draft chimney or vent is smaller than the published dimen* 
sions. or where excessive resistance to the flow of combustion gases can be expected, it may be necessary to purchase 
and install an inexpensive induced draft fan for best operation. For elevations above 1,000 feet, the published chimney 
cross sectional area and height should be increased by at least four (4) per cent for each 1.000 feet above sea level. 

The chimney should be examined befoie the connection of the boiler to be certain that it is properly r.onstructed. 
clear, and will freely conduct the products of combustion to the atmosphere. The chimney or vent should extend high 
enough above the budding or any other obstructions so that wind from any direction will not strike the chimney or vent 
from an angle above horizontal and thus produce down drafts. Unless the obstruction is of great magnitude, it is the 
usual experience that a chimney or vent extended at least two feet above flat roots or two feet above the highest part 
of wall parapets and peaked roofs which are within thirty feet will be reasonably free from down drafts. 

BREECHING REQUIREMENTS 

In entering the chimney, the b»eech-ng connection must be sufficiently above the extreme bottom of the chimney 
to avoid any danger of stoppage. The breeching connection must not project beyond the inner wall of the chimney. A 
thimble or slip joint may be used to facilitate removal of the breeching for cleaning. Do not place a damper or any 
other obstruction in the breeching. The breeching should slop^ upward toward the chimney at least '4 inch per lineal 
foot of breeching and must be at least of the same equivalent dio^ieter as the published dimensions of the rectangular 
or square chinney Long horizontal breechings, excessive numbers of elbows or tees, or other obstructions which are 
restrictive to the flow of combustion gases should be avoided. 

Be sure the barometric draft control is installed in the breeching between the boiler and chimney iccordmg to the 
manufacturer's instructions packaged with the control. A small hole should be drilled m the breeching just beyond the 
boiler smok; outlet to facilitate measuring the stack temperature. CO 2 . breeching draft, and for taking a smoke reading. 

AIR SUPPLY FOR COMBUSTION 

Piovisions must be made to supply sufficient clean air to the boiler room at all times for combustion, for ventil- 
ation. for operation of the barometric draft control, and to prevent less than atmospheric air pressures in the boiler 
room. If there is a lack of combustion air in the boiler loom, the burner flame will be v -Mow and formation of soot will 
occur on the boiler flue passages. In builJ*n^> ot conventional frame, buck or stone construction without enclosed 
utility rooms, basement storm windows, or tight stair doors, infiltration is normally adequate to provide air for com- 
bustion and for operation of the barometric draft control. 

For installations in an enclosed utility room or boiler room without an outside wall, a fresh air opening to the 
outside with a free cross sectional area of at least twice the area of tfie flue outlet is recommended. For each 1.000 feet 
above sea level, increase the fresh an opening by at least four (4) per cent. The boiler room should be isolated from any 
aiea served by exhaust fans. Do not install an exhaust fan in the bodcr room 

BURNER AND SAFETY CIRCUIT WIRING 

The burner motor, ignition transfoi n^ei . circulator and comhinalion burner primary control, limit control, and 
circulator control are piewired at the factory If any additional eicctiiral safety cuntiols are employed. No 14 gauge 
wire in conduit may be used. The power input supply wiring to the boder should be No. 14 gauge or heavier wire in 
conduit, as requited, and should fiave a prcqierly sized fused disconnect switch All wiring should be installed in accord 
ance with the requirements of the National Electrical Code and any additional state or local code lequirements having 
jurisdiction. Refer to the separate wiring diagram packaged in the envelope with these instructions for wiring the boiler. 
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. . TS LIST - WEIL-MCUIN CO. 

‘ /o SERIES BOILERS 



BUKNKK MODEL NO. 

ER 

Ell 

Ell 

EH 

EH 


BURNER SPEC 

NO. 

163-51 

163-53 

163-55 

163-57 

163-59 

ITEM 

DESCRIPTION 


% 


PART NO. 



1 

Motor 1/8 UP 1/. .5/60/1725 


20382 





— 

Motor. 1/4 HP 1/115/60/3450 


- 

20383 

20383 

20383 

20383 

2 

Screw, Motor Mounting 


12701 

12701 

• 12701 

12701 

12701 

3 

Cover, Motor Cord 


13029 

13029 

13029 

13029 

13029 

4 

Screw, Trans. Hold Down Clip 


13044 

1 3044 

13044 

13044 

13044 

5 

Clip, Trans. Hold Down 


13038 

13038 

13038 

13038 

13038 

6 

Screw, Fan Set (Included W/Fan 


• 

_ 


— 

- 

7 

Fan 


20289T 

20288 

20288 

202 89T 

20289T 

8 

Housing, Fan 


4725 

4725 

4725 

4725 

4725 

9 

Band, Air - Inner 


2669 

2669 

2669 

2 ( 

2669 

10 

Screw, Slot Cover 


12697 

12697 

12697 

12t- -7 

12697 

11 

Plate, Slot Cover 


13392 

13392 

13392 

11 ‘72 

133^2 

12 

Locknut, Oil Line 


14296 

14296 

14296 

14296 

14296 

13 

Line, Oil 


14452 

14452 

14452 

14452 

14452 

14 

Screw, Air Band 


12701 

12701 

12701 

12701 

12701 

15 

Band, Air - Outer 


2668 

2668 

2668 

2668 

2668 

1 

Coupling 


20280 

20280 

20280 

20280 

20280 


Elbow 


11494 

1 3494 

13494 

13494 

13494 

19 

Pump, Fuel - Sundstr.inJ "J" 


12336 

13164 

13164 

13248 

13248 

20 

Screw, Fuel Pump Mounting 


12701 

12701 

12701 • 

12701 

12701 

21 

Fitting, Oil Pipe 


14295 

14295 

14295 

14295 

14295 

22 

Pipe, Oil 


13654 

1 3654 

13654 

13654 

13654 

23 

Buss Bar 


12458 

12458 

12458 

12458 

12458 

24 

Screw, Set (Included W/Support) 


- 

- 

- 

- 

- 

25 

Screw, Rd. Head tflO-24 x 3/8" 


12694 

12694 

12694 

12694 

12694 

26 

Support, Electrode - Slahtllzer 


14310 


- 

14310 

- 

- 

Support, Electrode - Tripod(not as 

shovm) 

- 

14308 

14308 

- 

14308 

27 

Plate, Baffle 


None 

13408 

13409 

None 

13407 

28 

Screw, Rd. Head #4-40 x 5/16" 


12695 

12695 

12695 

12695 

12695 

29 

Insulator, Electrode 


12354 

12)54 

12354 

12354 

12354 

30 

Stem, Electrode 


11163 

13163 

11163 

13163 

13163 

31 

Assembly, KKimclock 


12988 

12988 

12988 

12988 

12988 

32 

Screw, Flange 


12903 

12903 

12903 

12903 

12903 

33 

Screw, Air Cone #8-32 x 5/16" 


12699 

12699 

12699 

12699 

12699 

34 

Bushing, Insulator 


12408 

12408 

12408 

12408 

12408 

35 

Pal Nut 


13110 

13110 

13110 

13110 

13110 

36 

Assembly, Air Tube 4 Flange Assy 


21118 

21118 

21118 

21118 

21118 

37 

Cone, Air 


13702 

12)29 

12990 

13702 

13008 

45 

Transformer 


20358 

20358 

20358 

20158 

20358 

46 

Screw, Trans. Hinge 5/U."-18 x 1/2 

II 

1104 5 

13045 

1 3045 

11045 

n04 5 

- 

Assembly, Cun - Replacement 


20734 

20731 

20733 

20714 

20733 


Assembly Gun - Symbol 


63 7FK 

617 nt 

637KR 

618F.R 

6371.R 


Assembly, Electrode - Replacement 


11286 

1 )286 

13286 

13286 

13286 

- 

C.isket, Air Tube (not sliown) 


13745 

1 )745 

11745 

13745 

13745 

- 

Casket, Flange (not shown) 


12484 

1 1 / U / 

▲ 4. 

12484 

12484 

12484 
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fuel oil sichage tank 

Th« fuel Oil supplier sImm;I«! corntilled reqaiJinQ the fuel oil slOf«ioe Mnk opacity lor the burner firing rate 
employed. The mlei of iIhp National OoaicJ of Fire UniJi'iwriteri* and any stale or local codes which may apply should 
be followed in locating and mstallmq the fuel oil tank. Undei writers' Laliora.ories requirements stipulate a bottom 
outlet on all ?7S gallon aiul laiqt*i fui.*l oil tanks so the tank can l>e drained. This is to prevent the accumulation^f 


condensate wt^ch causi*s the tank to rust I t is rccomrnrnifcil that a w«tter trap be installed at the tanlToutlet to preven t 
any wa^fTipm enter mo tltc^liur nei^ There ire a number of arlditives on the market mat can be put into the luci oil 
lank with the fuel oil; these arlditives hold the water in suspension and allow it to pass Into the burner. Consult the 
local fuel oil supplier for information concern;ng the use of these additives. 


S 


V'f- 

ofJ 


FUEL OIL SUPPLY PIPING 

A single stage fuel oti pump is furnislicd at stand.ud equipment with the boiler Refer to the fuel oil pump in- 
struction sheet packaged in the eiwclope with these instructions for arldnional instructions on suing and installing the 
fuel oil supply piping. The rules of the National Board of Fire Underwriters' and any state or local code requirements 
which may apply should be followed in locating, and installing the fuel oil piping. 

Foi <ill instalietions. it is rpcorninriwted that an oil filter of the nrorior ca|)a city b e installed in the fuel od supp*> 
piping Where practical, tise oii filter sliould be located a< close as possible to Ihe oil Mo^age tank. bu< r»ot ou%i»de 
the building. 

Topper tiihinq slmiild he iisetl in luefeience to non pipe as it hjt less possibility f«)r leaks and doc* nut scale 
ofl on the inside. Flare type fittings are recommended as the soldered type may melt in rase of fne. 

TIsc fuel Oil tiipinq from the tank to the burner should l>e si/cil no sm.iHr?r than 3/^ inch Q D coppei tub»n^ 
Where the luel oil lank is IrKated a ronsideiable distance Irom the burner, the lutl oil piping should be sued larger 
so that less friction toss will he encountered. Refer to fuel oil pump instrur:l*on sheet 


Connecuons to th^ hnned fuel o»l **r#«acje tanks must be m«idc with swing )omts to prevent the fuel oil p»pmq 
from bn*jkinn in case the tank settles. If llie job requitements stipulate that iron pipe be used, swing joints made ftp 
with ellrows and nifiplcs sevinal inches lonq should be employed and located as dose as possible to the tank. T he swi ng 
joints sho uld be i nstalled so they will tighten as the tank settles . 

Particular care sho uM Iv* fMn riser! pot to creat e an air trap m the furl ml s tipol y ni uino There >s always a slight 
amount of air in suspension in luel oil and if tr«ips are piescnt. they will qiadually fill wdh air and the luel od pump will 
lose its prime. It is good ntping p ractice to install a tee and plug a t the highest point in the luel oil supply piping to aid 
in primirsg the fuel unit and m mpeiling air. 


Manual shut off oil valves should lie piovided in the luel oil supply piping near the burner and at the lank or 
near where the fuel od suppiv ptomq enters tlie budding from an outude lank. 

One Pipe System: Wlieic the luel od stoiagc? tank i% located elnive the burner and gravity oi^ How to the burner 
is permissible, a one pipe fuel od piping system may lie employed Refer to the fuel od pump instruction sheet fnr 
prepaiing the pump for a one pipe system The luel od piping shoulil be conisected at the botto .i of the storage tank 
and should slci»e downward toward the liuinet at least Vj inch per lineal loot The gradual slojie in the fuel od piping 
wdl help to prevent the lormation of an pockets and the collection of air Initibles in the piping which could interfere 
with the operation of the buinri. Wheif nqid iron piping is emfiloyed for the fuel od supply piping, the supply pipmg 
should he run to a point diicrdy below the burner and copper tubing should l>« used for connecting Irom the non 
pipe to the inlet port on the fuel od pump, where copper tubing is em()loyed lor the fuel od supply piping, the tubmg 
can be run dirrctly to the inlei poit on die fuel od pump. One comnletc loop should be made in the COPt>er tub mg 
directly below the connection to th e litg! ml pump , this loop will help to reduce transmission ncise and prevent strain 
on the burnei. A one pi|>e luel od piping system is not recommerxied where it n necessary to lilt the od. 


Two Pipe System: A two pii»e fuel ml piping system is recommended where it is necessary to lift toe oil oi where 
gravity How ol thr? od to the iHirnei is not iieimissible Rfici to the luel od pump instruction sheet for preparing 
the pump for a two pipe system Slip fittings should be mstaileil at tha top of the tank for both the supply and 
returning piping The supply anil letuiii pitimg shoulil l#e run to wdhin lour |4| to si* (61 inches from the bottom of 
the tank The return piping ^Itoidd Iv* of the same si/e as the supply piiiinij and run as directly as possible Irom the 
return opening lo the fuel ml pump to the lank. Tlie uipply pi|>mg should Ire pilihed slightly back toward the tank 
wirenever irossible and pariridar care shmdd he e*ercised not to create air traps »rr the supply piping If any manual 
shut off oil valves are insiaded rn the return pipirsg. a bypass relief to the tank wtth an od pressure relief valve must 
be provided 


I If any furt of the luel od lank is above the level c* the buinei. ifie supply piping should be run 

t the burner wtieie an anti sgrlion devre must l>c unljMed to prevent the How of oil m case of a break in 


to a point 
the od line 


above 


If tfic tc»p of the furl ml lank is l»i*low the level of the iHiinri, use a valve in thr supply pipmq on Ihe 

side of the manual shui oil od valve nearest the tank, the check valve will prevent the How ol od back to it'* 
lank during the iHiiner off |ietio<l 
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will'll? iiijkI iron pipi* r, iMnpItivPil ini llip liiel »nl supply pipmy. fhr supply pipiiuj should he run lo a \» 
diicifly belowv ihe humor »iiul copper luh'iig sluuild In* uslmI lor a'riii«*ctrny from Ihe iron pipe lo Ihe inlet port ^ 
ihe tu»!l oil pump, wheie co|.*pri luhinq is emplnyed I'M the (uol oil sufiply pipiiuj. ilic Uibmo can be run directly to tha 
inlet port on Ihe luol ml pump Uni* comploli? looj. should 1 m? ni.ido ii; tin' cupper luhing directly below Ihe inlet \ 
connection to the fuel oil t»urnp. tlus loop will holp lo icrliire transmission norse «ind prevent strain on the burner. 

FUEL OIL PIPING TEST 

The luel oil pipm | unti all f.inncfs shuulil he thoiounhly tesleil for leeks He sure to fghieii the cover on the oil 
filter bocdiise the ml filter ij.isket suruetiincs sliimks. Check foi any Icrusc connections, kmks. and possible au pockets 
in the fuel od pitmMi Tighten the par. king nuts on any valves inj illed in the supply piping to minimize the possibility 
of drawing an intu the pipii'q while the pump is o|K?idtmg. 

OPERATING AND SAFETY CHECK OUT SEOUENCE 

1 Be suie the hoiler and the heat iJistiihutmg units aie tilled with wati i tc thr piO|ier piessme and tlrat the system 
•s rompletely puigcd of all air (see Filling Sl*'.un anil Woier Builars on the biiih'i rnciabiig inslniciion card). 

2 Be suie the main 1 ‘lcctiir switch m the oil bunici elecincdl cnciiit is tnrruMl to the olf position 

3 Disr^i*ni*«*ri the humei di.iv.i»'r oil line at the lari housing and lemove th»? lock nut on the cofipcr tut)e fitting 
Memove th»» hold down si lew in tlv* tippe? right hand corner of the ignition tiar'sformer and swing the transformer to 
thi* lelt tn piovidi? aci:e’.s nuo ihe huinif di.w,‘r 

4 Reniowe ipr hnrnei giMi a'semlily and lefei to Oil Burnet r»pi?cdirarions and Ratmrj*, Data mr Pago 3 

a. Chec^ the air handling paits and njnition electrodes to be certain they are proi)erly adpisted lor tl^c size boiler 
hemg mstdiioil 

h Chi?rk the oil biime* noz/le to make sure it is the (rruper si/c, typ"*, and spray angle fur th<» size boiler being 
installed 

r Re sure ihf* r»n/zle is hglidy PM nied to the uo/7le ad iptoi . 
b. Rotate the l)l(»Aei wheel by hand to iiiake cer tain that the tun net motor an»l the fu«*l oil fuiinp lum freely. 

R. Insert th*' gun a*5cmblv mto the tiurner diawei . repl.ice the lock nut, and romiect thr* hurni?r drawer oil line loThe 
gun oil pipe. Swing the igniim i nansloimer to the ri(|)p and leplace the hold down screw in the upper right hand corner. 

7. f)i| thi? Iiiimer motor wiih one or two drops of good d»MeK|cni free aufornohile oil 
B' sijie Ihen* is Milbcieni lui'l ml in lh*» Moiagi? tank in su|rply the burner. 

9 M.ikc Miir.* .ill nirinutjl Oil valv* s m the fu»'l oil piping are of)i’n. 

10. Move the inilicatm on the room theirmistat above the actual room tempirralure so there is a call for heal. 

1 I. Push the sjicty re*;!'! levei on the burin'f piimaiy contiul and release. 

12. Turn the mam eler.iiic switch m Ihe hniner eleclncjl circml lo the on fiosiTinn and the biirnr.'r motor should start 
13 Prime the luel oil pump by puMjmg all the air out ol the fuel Imp piping. M the burner piimary control goes out 
on safety helnie all the an is completely puigrd from the fuel uil piping, it will l)e r\eccssdry lo push ihe safely reset 
lever on the fMimji y nmtinl U) again stait the tiurner rnolor. 

a Foi one pipe fuel od piping systems, puioe the air out cf the fuel line piping by loosening ih? bleed port 
fitting I n th.? fuel od pump ai d v^.iit loi the od rir How. 

h. Foi two fupp fu''l ni! piping sysicins, air is automaiir.dly purcied ami d'veited back to the tank hy means of 
the rciii;ii hue l.oosr.i ihe lilecd port fitting on the fuel oil pump and ascertain that all the air has been 
puigcd boni the <urtion hne piping. 

H When .III the .i.r has h 'eu el rnmated finm the suction line piping, turn the mam electric switch in rhe boiler 

electrical circuit to the r>ff position lo stnt) the burner 

15 I'lstall an oil im'ssuu* g.imie m tha giugc pmt on the luel ml innnp 

16. Adprst the air inlet trand on the hnmet tn about a half upuii position 

17 lu»n the m ain eln inr swiich m the boiler electrical circuit to the on position The burner motor should slai l and 
a huine* flam • sltould he es?jbl»sh*Ml 

10 While the buinci »s npeiaiing. rheik and il ntT.cssaiy, ailjiist the od pirssuie. The nmmal oil oiMralmg pressure 

should he 100 R b I G. To i(l|*isi ihe openiiinq ml piassme. turn the adjusting screw clockwise to increase the operating 

011 piessuie or counlei i.lm Kwise to fier i ease the piessure 

19. Adjust the c.ii mioi h.iml sn that .i rle»jn yelUuv tiumci fl.ime wiih slightly smoky tijis is established Reff'r to 
Riiiner Adjiijtinent foi afliusHnij Ihe iMinmetn* iliaH eoniiol and ftu final aUjusintent ol the burner flame. Use com- 
bustiun list i.i‘ hiimi'nis loi Im.d a Ipetmeiii of iIm* Immer Ihiine 

?0 Whdi? lilt* hiiinei is npiianng. mnvr the mdicat'ii on tlir’ limit i oninil tielnw the actual boiler water ien»pei atme; 
Ihi? burner slmnlt! slop iVnive ihi; imiiraiur (in the hmn confiol to ihe mu mul siHlirg and the burrier should again start 

2 I rr.l tiv* ltd urn of I lie mnm ihei must at anil any aflfldional salt ly run hols 

22 Stop Ihe tiuinei anri lemove the od prt’ssuie gauge hr > the gauge pon on the fuel oil pump and rcjdace the 

flange pot I piui) 

23 Belore leaving the joh. le* s'.ne the loom ihrimostat, limit control, and any additional safety controls are pro 
perJy set 


•mif -i-f- n 
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BURNER ADJUSTMENT 


i • 

After making the necessaiy pirlimmuiv lnirnt*t iKl)ustmcni\. comhustion lest instmments lor linat adjustment 
'"/of the burner flame aftei the boiler wain leii»|KMatinc has irren raisnl to a|ij)roximjtely the design conditions. A smoke 
'eadmg of a trace to a No. 1 on the Shell Bachtiiach scale 'i$ rccommeiuJed. Set the air inlet band on the burner for 
the highest CO 2 consistent with a low smoke reading 


j For the initial measurements, mcasuic' the jiei cent of CO 2 in the combustion gasr: over In e and in the breeching 

If the per cent of CO 2 measured in the bieeching and over lire aie aj)|uoximately equal, then any succeeding CO 2 
[ measurements can be made in the stack. If tire per cent of CO 2 measured oirer lire is greater than the per cent of CO 2 

I measure in the bieeching. locate and seal any areas of the boiler that ate not gas tight. 


Insert a small flame minor into the ohseivation u|M*ning in the liase front panel and view the fiame front making 
sure the fire burns off thr> sjrinner {flamelock assembly) ajrpioKimalely 1/8 irrch If the fire burns on the spinner, pull 
the drawer assembly back; if the fire hums ahead of the spinner by mote than 1/8 inch, move the gun assembly 
forward. 


After a high CO 2 and a low smoke ie<fdirrg have treen obtained, adiust the harometiic diaft coirtrol to provide at 
least a 0 02 inches water column over lire draft. The draft in the breeching should also he measured to determine 
whether there is an abnormally high di«ilt loss through the boiler. To obtain the draft loss through theboder. subtract 
the measured over-fire draft from the nHHtsuicd bieeching Oraft. Comj^are the calculated draft with the published 
draft loss under Ratings and Data on Page 3 for the si/e boiler employed. A high dialt loss may be caused by overfiring 
or too much excess air and the result could b«? a low CO 2 . high smoke reading, and hack piessure. It may be necessary 
to again measure the per cent of CO 2 anil take a smoke reading aflei the baiometnc draft control has been adjusted. 

After the proper combustion test results aic achieved, tighten the adjustment scirw on the air inlet band to assure 
permanent positioning. Record the measutements obtained in the space provided on Page 2 of this manual. 


I. 

L 

r. 


I 
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DIRECTIONS FOR THE OPERATION AND CARE OF 

OIL BURNER 

Reod Instructions Corelully and Hang This Card Near Burner (or Future Reference 


(A) TO START BURNER: 

1. (!heck for oil in the siorkgr tank. 

2. Fuses in che msin switch must be good. 
lUve oil burner switch open. 

4 . S<*t room chertnosisf sbout 10 degrees Higher thsn room 
temperature to make sure the thermostat contacts are 
made. l.imit control must be set high enough to make 
contact also. 

5. Oil valve at the tank should be open and the check valve 
in return line properly installed so oil can return to tank. 

6. He sure notzle of proper size for heater is in the adapter 
and tightly screwed down, and that the electrodes are 
properly spaced (See Manual). With heating plant door 
open, close the burner switch; and if wiring is properly 
done and all controls properly installed and ad|usted, the 
burner should start If not, check primary relay first to 
be sure it is properly set; and if burner does not start, 
recheck wiring and all controls thoroughly. 

7. If burner is installed with a single oil line, the fuel unit 
will have to be purged of the entrapped air in the oil lines 
and fuel unit before the oil will flow to the nozzle (See 
fuel unit instruction sheet for this operation). If a return 
line is used, purging will not be necessary, although this 
will speed the starling of the burner if done. If this is 
done, the pump should pick up its oil in less than a minute 
(which is the setting for the lockout switch in the primary 
control). If Ignition does not take place during this time, 
ch^ik the nozzle and electrodes. 

SI ARTINC. Hl'RNl K AFTFR IGNITU^N FAI! URF. 

1. l>o not attempt to restart burner when eicess oil has accu- 
mulated. when heating unit is full of vapors, or when the 
comlmstion chamber is very hot. 

2. Press reset butten on primary control and burner should 
start. Do not attempt this more than twice. If burner 
fails to operate call serviceman. 

(H) MM Oil. SPtCIFU AllONS: 

1. Ibis burner is approved for oil not heavier than No. 2 
I he commercial standards for this oil are: Hash 1 10* 


minimum or legal, Masimum 230^^i Pour point 20^F; 
Water and sediment not more than 0.1%; Dialillation tern* 
perature 600^F minimum and 675^F maiimum at 90% of 
recovery. Viscosity at lOO^P Saybolt Universal of 40 
seconds masimum. 

DO NOT USE GASOLINE. CRANKCASE OIL. OR ANY OIL 

CONTAINING GASOLINE. 

to LUBRICATION: 

1. The two oil cups on the oil burner motor should be lubri- 
cated every three months with a few drops of good grade 
light motor oil. No. 10 or 20 S.A.E. 

(0) AT THE END OF THF HEAVING SFA.SlVN: 

1. Shut off electric current to burner at oil burner switch. 

2. If oil strsiner has not been cleaned recently, it should be 
removed and cleaned (consult instructions card 
furnished with fuel unit). 

Oil storage tank should be kept filled to prevent watei 
vapor from collecting. It is suggested the valve m the 
suction line be closed and oil burner switch opened. Oil 
Morage tank should be cleaned every 2 or ^ years to re- 
move any sediment or water tbai has collected in the tank. 
Your Fuel Oil Dealer has the equipment to do tbia^ 

(E) AT THE START OF THE HEATING SEASON: 

1. It IS advisable to have the Dealer inspect and service your 
burner for the coming heating season. 

2. Heating plant, smoke pipe and chimney should be cleaned 
an«f checked for repairs. 

5. l.uhricate burnei as directed under above. 

4. It is advisable to have the entire electrical system in- 
spected before putting the burner nro operation after it 
has been stamling idle fc>r (hr sumr cr months, t his sn.'. ! 1 
include primary relay, limit control , ihi rinosiar (clean duM 
from contacc points), and check the electrodes for carUm 
and cracks in insulators, and corrosion on all terminals of 
ihe eiccifc'des and transformer. 

(F) I MKHC.I N( V SIOPS: 

1. C IT (HE Al I ( llRRFNl ^0 THE BURNER BY MOV- 
ING I rVFK ON lilt Oil. BURNER ELECTRIC SWIUH 
TO THE **ObV PO.SITION 




i 

t 

r 


CAUTION 

1. Check the gauge in oil storage tank periodically. Keep tank 
filled. 

2. Don't attempt to burn garbage or refuse in your heating 
unit. 

L Don't fill stoiage tank while burnei is upeiaiing. 

4. Divn'i start burner if there is oil or apoi in the besting 
unit. 

Don't attempt to burn cranki i«e drainings or crude oil. 

6. DON'i TAMPER UlTH BURNtR OH CONIROIS- 
CALl. YOUR SERVICEMAN 


DV ALEP. Day Phone 

Night Phone . 

Burner Serial No Date installed 

BE SURE TO GIVE US SERIAL NUMBER OF BURNER WHEN ORDERING REPAIR PARTS 


I 


j 
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PUMP CONSTRUCTION: 
BRONZE FITTED. 
MECHANICAL SEAL 

MOTOR: 200-208 OR 
230/460 VOLT. 60 CYCLE 
3 PHASE DRIPPROOF 
ENCLOSURE 


MAXIMUM WORKING PRESSURE 175 PSI 


UNIT 

DISCHARGE 

SUCTION 

PUMP DIMENSIONS (INCHES) 

NO. 

F 

G 

H 

N 

311T 

V/7AB NPT 

2 NPT 

5 

6 

3'/l 

44i 

31 2T 

r^ABNPT 

2 NPT 

5 

6 

3V^- 

4H 

313T 

IViBB NPT 

2 NPT 

6 V 4 

6 V» 


54'4 

314T 

1WB0 NPT 

2 NPT 

6'/4 

6 V 2 

3‘% 

544 

31 5T 

IV 2 BB NPT 

2 NPT 

6 V 4 

6 Vi 

3’/% 

54k 

3161 

2* »A FLGD 

3 FLGD 

5Vi 

6 

34k 


317T 

3AB FLGD 

4 FLGD 

6 V 4 

6 ' 

4»/k 

5 

310T 

2VzB FLGD 

3 FLGD 

6 ^% 

644 

3’/2 

6 

319T 

2 V 2 B FLGD 

3 FLGD 

6 't 

6 V 4 

31-2 

6 

3110T 

4BBFLGO 

5 FLGD 

7^^ 

7'M 

4Mi 

64i 

31iVt 

4B0 FLGb 

5 FLGD 

7H 

7Mi 

444 

6 H 

31121 

4BB FLGD 

5 FLGD 

7H 

7V2 

444 

6 H 

3113T 

IV 4 AB NPT 

IV^NPT 

44^4 

5 

24| 

4Mi 

31141 

IV 4 AB NPT 

V/sNPJ 

444 

5 

2r% 

4V2 

3il5T 

IV 4 ABNPT 

UjNPT 

444 

5 

2 ^/% 

4Vk 

31161 

' 2AB FLGO 

2*>j FLGD 

5 V 4 

6 «.i ' 

3 

44i 

3117T 

2AB FLGD 

2’^ FLGD 

5^'4 

6 ’^ 

3 

44k 

31181 

' :AB FLGD 

2 '/^FLGD 

5V4 

6 V 2 

3 

44k 

3119T 

3AB FLGD 

4 FLGD 

6V'4 

6 

4Vt 

5 

3120T 

3AB FLGD 

4 FLGD 

_6V4 

6 

4*^ 

5 

31211 

3AB FLGD 

4 FLGD 

6 V 4 1 

6 * 


5 


UNIT 

NO. 

MOTOR 

MOTOR DIMENSIONS (INCHES) 

FRAME 

HP. 

R.P.Ik.. 

A 

(Mav) 

B 

(Max.) 

C 

D 

E 

j 

(Max.) 

L 

p 

R 

T 

U 

311T 

143JM 

1 

1750 

6 

7 

4 

5V^ 

7V2 

10't 

3’i 

544 

7 

•V„ 

*/4 

31 2T 

145JM 

1 5 

1750 

6 

7 

5 

b'/2 

7*/i 

10'/t 

3'/2 

544 

7 


V 4 

313T 

145JM 

2\ 

1750 

6 

7 

5 

S^/2 

7M 

18U 

3lk 

5 V 4 

7 


V 4 

314T 

182JM 

3 

1750 

6*/^ 

9 

4W 

7'/2 

0V4 

21 V 4 

4»/k 

8*/k 

9*4 

'^M2 

'/„ 

315T 

184JM 

5 

1750 

7M 

9 

by'i 

7Vt 

8 V 4 

214k 

4’^2 

0*t 

9*/4 


V„ 

316T 
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